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THE OBJECTS AND USES OF THIS WORK.

1. FOR THOSE WHO ARE NOT GEOLOGISTS.

The United States are intersected by numerous railroads leading in all

directions, and nearly every one has occasion more or less to travel on them for

considerable distances. In these railway journeys no person who has the least

power of observation can fail to notice the peculiarities in the scenery and the

great variety in the formations of rock to be seen in the railway cuts and

cropping out on the hillsides. If we always had a professor of geology for our

traveling companion, we would be glad to learn from him what these various

formations of rock are, what place they occupy in the series of strata that

are visible on the earth's surface, and their mineral and other productions ;
also at

what other localities the same rocks occur, and whether they are entirely new to

us or the same we have seen elsewhere. This work is a substitute for the supposed

traveling professor of geology, giving in a small space the names of the geological

formations which occur along the lines of the railroads, and in another part of the

book is to be found a plain but full description of each of them. There are also

foot notes directing attention to interesting geological places and objects on the

routes of the railroads. One object of the work is to teach persons not versed in

geology something of this science during the tedious and unprofitable hours of

traveling, without study, not as in a text book, but by pointing to the things
themselves as seen at railway stations and through the windows of a railway car.

No person could be so stupid as to travel all over the United States without

learning the name of a single state or city through which he passes, yet how few

persons know even the names of the geological formations on which they have

spent their lifetimes. Every one is taught geography, and there is scarcely a child

of sufficient age who cannot tell the name of the town, county and state in which

he lives. But geology, which is just as well worth knowing, is neglected, and

there is but little opportunity for learning any thing practically in regard to it

from those about us. This is not owing to a want of a desire for knowledge, but

to a want of instruction in this science, and of the practical application of what

is learned by adding local geological information in a handy, cheap and accessible

form, and this, which no other work affords, it is the aim of this book to furnish.

There are some kinds of knowledge too that cannot be obtained from books,

but must be gathered by actual observation. The inspection of a formation in

nature, which is pointed out to you, will teach you more in regard to it in a few
minutes than you could learn from lectures or from reading books in as many
hours, and the lesson so received will be better remembered. This book is intended

as an intelligent guide to such observations. It tells you where the various

formations are, and you can then see for yourself in traveling what they are.
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How lonely would be a journey on which you would see not a single face that

you know, and how different it would be if every one you meet were an old

friend. So to the tourist new charms must be given to scenery, however attractive

it may already be, if he knows something about its geology. The rocks, mountains,

valleys and plains, although he sees them for the first time, are old friends in

perhaps new and interesting forms. He meets them with a certain pleasure, for

he understands what he sees and he is given the materials for many a happy hour

of quiet and profitable reflection at home, on what he has seen on his railway

journey.

2. FOR GEOLOGISTS.

But while the book is thus intended primarily as a series of object lessons for

those to whom geology is yet a novelty, for the purpose of exciting an interest in,

and which may ripen into a love for the science, it is believed that, being in a more

convenient form than geological maps, and as no other work has attempted what
is here done, all geologists, and especially students, will find it a most useful hand

book on their railway journeys as well as for reference at home. It will be useful

in laying down the geology in colors on any map which gives the railroads.

Accurate geological maps can thus be made without expense, and there is no better

exercise for students. It will also be invaluable in selecting a route of travel for

geological study or for pleasure, and no geologist should make an excursion over

new ground without this guide. It is a scientific catalogue of the great panorama
that passes with its ever shifting scenery before the eyes of the American railway

traveler, and even an artist finds a catalogue of a picture gallery very necessary.

No geologist need be told that it embraces the result of a vast amount of learning,

labor and research in a very small compass, and a minuteness of local geology for

which he might ransack libraries in vain, and which no one man could possibly
furnish. Many men for many years have devoted the finest talents in America to

the study of the geology of these states, and all have contributed by their published

reports, or by direct original contributions to this work, portions of the knowledge
which is here indexed, otherwise it would not be becoming for the author to say
so much in its praise. In order that the guide might be as accurate as possible the

assistance of the state geologist of each state, or that of some scientific gentleman
best acquainted with its local geology, has been invoked to revise and correct the

list of formations found along the railroads. Without a single exception, and with

characteristic devotion to the cause of science,
*' this aid has been very cheerfully

and promptly rendered, and in not afew instances, where the necessary information

was only in the knowledge of these gentlemen, they have filled in the geology from

original sources not yet published. Due credit is given to all contributors in the

notes of the proper chapter. The general accuracy of the book can be relied

upon as to the formations of each locality as they were understood at the time of

its publication, and it may be regarded as in harmony with the latest results of

geological research. If errors are found, consider the great number of railroad

stations and you will wonder there are so few.

_
*Scientific men freely give the results of their labors to the world, expecting only in return to

enjoy the consciousness of having added by their investigations to the sura of human knowledge,
and to receive the credit to which they might justly entitle them. PROF. JOSEPH HENRY.
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3. FOR USEFUL, PRACTICAL PURPOSES.

To those who take only utilitarian views and care nothing for pure science,
and to all those in any way interested in the country, a means is here furnished for

ascertaining the natural advantages or disadvantages of any district -where there is

a railroad, for it is now pretty well known to all intelligent persons that the

capabilities or resources of a country, what it is and what it can become, depend
chiefly on its geology.

No one in our day can doubt, that there is a definite and orderly arrangement
of the rocks, that it is only in certain rocks that certain useful materials and minerals

are to be obtained, and that the soil of each formation has a certain fixed value for

agriculture. It was long ago shown that a geological map of England, is a map
also of the distribution of its manufactures. Even the kind of people inhabiting
a district, often depends on its geology. A considerable portion of the work of

geologists, is devoted to tracing out the distribution of the various formations as

they come out from beneath one another, and spread over the face of the country.
This book is made up of a minute tabular statement or division of all places on
the American railways, into classes, some of which yield useful materials or pro-
ductions peculiar to them. It points out the limits to be observed in searching out

new locations producing any material. Besides, if accompanied by a correct

scientific knowledge of the country, it will make any man's discovery of anything
useful available to his neighbors in hundreds of other places, over the whole

region covered by the same formation.

The physical structure of a country being then, the means by which we can
learn the range and distribution of useful materials, a strict attention to fossils is

necessary, to enable us to determine the relative position of rock groups, each

group, within certain limits, holding its own peculiar fossil forms, and certain

economic products being confined, over wide areas, either wholly or principally to

certain rocks. Many persons, ignorantly confounding the means with the end,
think geologists are good authorities upon fossils, but not as to the useful properties
of the formations. Sir William E. Logan, the great Canadian geologist, in answer
to this objection, once said :

" I am not a naturalist
;
I do not describe fossils, but

use them. They are the geologist's friends, who direct him in the way to what is

valuable. To get the necessary information from them, you must be able to

recognize their aspect, and in order to state your authority, you must give their

names. Some of them tell of coal they are cosmopolites ;
while some give local

intelligence of gypsum, or salt, or building stone. One of them helped us last

year to trace out, in Canada, upwards of fifty miles of hydraulic limestone."

But it is not practicable for ordinary readers to understand the difficult science

of paleontology ;
all they can expect to know are the results as ascertained by

professional geologists, and those results are given in this little book, for every

place on every railroad in America. There are many other things that might have
been given, especially the structural geology of each State, geological maps, more
minute lists of elevations and general physical geography, but the book contains

enough for one little volume to be carried about on railway journeys.

TOWANDA, Pa., 1878. JAMES MACFARLANE.
Business Office, Syracuse, N.Y.
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DESCRIPTIONS OF THE GEOLOGICAL FORMATIONS.

INTENDED FOR RAILWAY TRAVELERS WHO ARE NOT VERSED IN

GEOLOGY.

All the rock-formations which appear on the surface of the globe, have been

scientifically classified by geologists, according to the order in which they are

found lying one upon another, and by the fossils they contain, and for our object

may be conveniently included in twenty divisions or groups. In this work, the

table of the names of the formations, groups and systems, published by Prof. J. D.

Dana in his "Manual of Geology" and in his
" Text Book of Geology," has been

taken as the general basis, by the geologists of many of the states who have

assisted in preparing the following guide, but other valuable tables and especially

one arranged by Dr. T. Sterry Hunt, preceding the chapter on Canada, and a

list for each state at the beginning of the proper chapter, are also given. Numbers
are attached to the names of the groups wherever they occur, making 20 in all.

The subordinate members of each group, which are called formations, have the

same number, but these sub-divisions are distinguished by the addition of small

letters, a, b, c, etc., thus making in all 40 sub-divisions. By this means, the reader,

although not familiar with geological tables, is at once enabled to see to what part

of the general series any formation belongs, number 1 designating the oldest

and number 20 the upper and last formed of all. Wherever the formations are

found, they occur in the order as they are numbered, but the series in nature is

never full, and in almost every locality one or more members of it are wanting.

The true method by which each of the great stratified formations is distinguished

is by its own characteristic fossils, but these descriptions, having been prepared for

travelers, are confined to the general aspect of the rocks as seen in passing them on

the railways. They are intended to be popular rather than scientific, informing the

reader what the formations are, what they look like, and their useful and valuable

characters, qualities, and productions. It must also be borne in mind that this is a

country of vast dimensions, and that the formations undergo important changes in

their lithological character from place to place.

Paleontology, and other interesting branches constituting the purely technical

portion of the subject, are omitted. That ground has been well covered

by all of the excellent illustrated text-books on geology, and one object of

this work is to induce persons to take up their study. Results only are here given,

not the method, by which they are attained. The thicknesses of the formations are

sometimes stated, but as this might mislead the unprofessional reader, it should be

observed, that the width of the surface occupied by a formation depends on the

amount of dip in the beds. A group less than a hundred feet thick, lying

horizontally, may cover several miles, while one of several thousand feet thick, if

lying at a high angle, is goon passed over.
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I. EOZOIC, (ARCH/EAN, AZOIC.)

I. PRIMARY OR CRYSTALLINE ROCKS.

The late investigations of American geologists have enabled them to establish

several divisions in the crystalline stratified rocks, which were originally called

Primary or Primitive. The name Azoic, formerly given to the Primary rocks to

distinguish them from the Paleozoic formations, has, since the discovery of Eozoon
in the former, been exchanged for that of Eozoic. The designation Archaean or

ancient rocks, is used by Professor Dana and others, and applies to the Primitive

formations without distinction. Among those who have made the Primitive or

crystalline rocks a special subject of study for many years, no one is more eminent

than Dr. T. Sterry Hunt, and as no proper account of the four groups into

which he divides them
; namely, 1 a. Laurentian, 1 b. Norian, 1 c. Huronian,

and 1 d. Montalban, has yet appeared, the following descriptions, which he has

kindly furnished for this work, are a very valuable contribution to the science of

geology.

1 a. Uaurentian, The name of Laurentian was given in 1854, by the geological

survey of Canada, to the ancient crystalline terrane which forms the chief portion
of the Laurentide hills of Canada, and the Adirondacks of Northern New York.

Throughout these areas the prevailing rock is a strong, massive gneiss, reddish or

grayish in color, sparingly micaceous, but very oftenhornblendic. The predominance
of this mineral occasionally gives rise to a nearly pure hornblende-rock, sometimes

with a little intermixed feldspar. The gneisses are, for the most part, distinctly

stratified, but occasionally the evidences of stratification are not very apparent, so

that these rocks have often been designated granites. This series is distinguished

by the absence of chloritic, talcose, argillaceous or micaceous schists. It includes,

however, crystalline limestones, of which there are supposed to exist, on the

Ottawa, three distinct formations in the Laurentian series, each of which is, in

parts, according to Logan, more than 1000 feet in thickness. These limestones,

which are generally coarsely crystalline, are often magnesian, and abound in

foreign minerals, chief among which are serpentine, chondrodite, hornblende,

pyroxene, magnesian mica, apatite and graphite. All of these occur both

disseminated in the beds, and, aggregated with other minerals, in veins, or

endogeneous masses. Associated with these limestones are often considerable

beds of quartz-rock, sometimes garnetiferous. Great masses of magnetic oxide of

iron are also found interstratified in this series. The measured thickness of the

Laurentian gneisses, with their included limestones and other rocks, on the Ottawa,
where the strata are nearly vertical in attitude, has been estimated at over 17,000

feet. Beneath these, known as the Grenville series, there is a great mass of

granitoid gneiss, without limestones, and of undetermined thickness, called the

Ottawa gneiss, which, it is conjectured, may not be conformable with the upper

portions, but is, as yet, included in the Laurentian series.
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In the Atlantic belt, considerable areas of Laurentian occur in Newfoundland,
and probably in several parts of New England. A range of Laurentian rocks from

the western part of Connecticut extends southwestward, forming the Highlands of

the Hudson, and making the South Mountain as far as the Schuylkill ;
while a

smaller range of the same, to the southeastward, forms the Welsh Mountain, in

Pennsylvania. Little is known of the distribution of the Laurentian farther

southward along the Atlantic belt, but the gneisses near Richmond in Virginia, and

those of Roan Mountain, in North Carolina, are referred to this terrane.

Large areas of Laurentian occur around Lake Superior, and farther west in the

Rocky Mountains, where they form the crystalline rocks of the Colorado range in

the east, and the Wahsatch in the west, and probably occur in many other parts

of the region. To the Laurentian belong the gneisses of the "Western Islands of

Scotland, those of Scandinavia and Finland, and large portions of those of the

Alps. The limestones of the Laurentian contain the remains of a foraminiferal

organism known as Eozoon Canadense, (Dawson) which has been found hi several

localities in Canada, and also in Bavaria, and in Finland. Accompanying it are

several other small forms, regarded as organic, and referred to the protozoa.

1 b, Norian, The upper portion of the Laurentian series on the Ottawa

river, was originally defined by the geological survey of Canada as consisting of a

rock, gnessoid or granitoid in character, made up chiefly of labradorite, or related

anorthic feldspars, but including also true gneisses and crystalline limestones, not

unlike those already described hi the Laurentian. Subsequent studies hi Canada

led to the conclusion that these rocks constitute a distinct terrane, resting

unconforrnably upon the gneisses and crystalline limestones of the preceding

series, and the two were respectively designated as Lower Laurentian, and Upper
Laurentian or Labradorian. As the newer is very distinct from the older terrane,

it has, however, been thought better to restrict the name of Laurentian to the

latter. A series precisely similar to the upper one occurs in Norway, where, as in

North America, it rests upon Laurentian gneisses, and where the name of norite

has been given to the feldspathic rock which is its chief characteristic. Hence the

name of Norian, which has been chosen, in place of Upper Laurentian, as the

designation of the terrane. It is conjectured, from, the fact that it has yet been

found only in contact with the Laurentian, and from its including gneisses and

limestones lithologically similar to those of the latter, that it is next in age.

The norites consist, for the greater part, of anorthic feldspar, sometimes

almost without admixture, but at other times accompanied by small portions of

hornblende, of pyroxene or of hypersthene, constituting what has been called

hypersthenite or hyperite. Red garnet, green epidote, biotite, and ilmenite are

often present, and all of these minerals are generally arranged in such a way as to

give a gneissoid structure to the rock. The texture is sometimes fine-grained and

compact* and at other times more coarsely granular, and even granitoid, displaying

great masses of anorthic feldspar, frequently opalescent, and varying in composition

from auorthite to andesin'e. The colors of the norites vary from white, pale

bluish or greenish to dark lavender or smoke-blue, or nearly black The characters

of the associated gneisses and limestones, as already remarked, are similar to those

of the Laurentian. Great beds of highly titaniferous iron ore abound in the

Norian series.
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The principal area of this terrane known in the United States is in Essex

County, New York, where it covers several hundred square miles, and, although

highly inclined, rests unconformably, according to Professor Hall, upon the

Laurentian. It is well displayed upon the shore of Lake Champlain between Port

Kent and Westport, and forms some of the the highest hills of the interior. A second

large area of Norian occurs north of Montreal, where it is similarly related to the

Laurentian, and passes below the Potsdam sandstone. Other localities along the

valley of the St. Lawrence are at Chateau Eicher near Quebec, at Bay St. Paul, the

Bay of Seven Islands, and on the River Moisie. Extensive areas of it also exist on

the coast of Labrador. The same rock has been found on the east shore of Lake

Huron, and in Wyoming Territory. Boulders of it are occasionally found along
the eastern shores of Maine and Massachusetts, and also in northern New Jersey,

whence it is conjectured that the Norian terrane may occur in the South Mountain.

1 c. Huron ian. The name of Huronian was given, hi 1855, by the geological

survey of Canada, to a great series of more or less schistose crystalline rocks, shoMTn

to rest unconformably upon the Laurentian gneisses, on the north shores of the

lakes Huron and Superior, and to make up a part of the Huron Mountains, on the

south side of the latter. A similar terrane forms a great portion of the Atlantic

belt in Newfoundland, in the province of Quebec, and in western New England,
where these rocks have been described as the Green-Mountain series, and are

traced southwestward along the Blue Ridge. Another range of the same stretches

along the northwest side of the Bay of Fundy, and thence is traced, at points,

along the coast of Maine, to eastern Massachusetts and Rhode Island. The rocks

of this series are everywhere highly disturbed, often vertical, and have a thickness

of many thousand feet.

In this series, the gneisses of the Laurentian are represented by rocks consisting

essentially of an admixture of orthoclase-feldspar and quartz, which frequently

assumes the character of a jaspery petrosilex, becoming porphyritic by the presence

of crystals of feldspar, and of quartz, in a compact base. In other cases, it becomes

granular, constituting a eurite, and passing into a fine-grained gneissic rock, the

colors being generally of some reddish or purplish tint. These petrosilex rocks,

which resemble the halleflinta of the Swedish geologists, are sometimes schistose,

and finely laminated, but at other times are compact, and almost destitute of

stratification. The basic portions of this terrane are represented by varieties of

greenstone (diorite or diabase) which are often chloritic, and pass by insensible

degrees into chloritic schists, frequently with epidote. Steatites and dark colored

serpentines also abound in parts of this series, besides what are commonly called

talcose or nacreous schists, owing their peculiar characters to a soft hydrous mica,

which is not unfrequently disseminated in very quartzose beds, and gives to such

a schistose character. The limestones of this series are, for the most part,

dolomitic, and often weather to a rusty yellow, from the presence of more or

less carbonate of iron. These dolomites are sometimes replaced by crystalline

magnesite. Portions of this terrane, including alike chloritic, dioritic and quartzose

rocks, are conglomerate in character, frequently containing pebbles derived from
the Laurentian, with others from unknown sources. The Huronian series abounds

in ores of copper, chrome, nickel and iron. To it belong the specular and magnetic
ores of northern Michigan ;

while the ores of these same species hi southeastern

Missouri are found in Huronian petrosilex-porphyries. These last are best seen in



DESCRIPTIONS OF THE FORMATIONS. 13

the region just named, in the South Mountain in Pennsylvania, south of the

Susquehanna, and along the eastern coasts of Massachusetts and New Brunswick.

The Huronian rocks are penetrated in many cases by eruptive rocks, both granites

and dolerites. A series of rocks, which the writer has referred to the Huronian,

appears in parts of the British Islands, notably in Donegal, Ireland, in Anglesea,
and in Caernarvonshire. The crystalline rocks which underlie unconformably the

Lower Cambrian strata in South Wales, and to which the name of Dimetian

has lately been given, seem, from the descriptions, to belong to the Huronian

terrane. The great series in the Alps, called by the Italians the greenstone group,

or pietn verdi, has both the lithological characters, and the geognostic relations,

of the Huronian
;
and the similar crystalline schists found in California, in the

foot-hills of the Sierras, and in the Coast range, are probably to be referred to

the same horizon. The gold-bearing veins of California are found both in these

crystalline schists and in the eruptive granites.

1 d. Montalban, This name was given, in 1872, to a great mass of

crystalline schists, which are lithologically and geognostically distinguished from

the Huronian, and are well displayed in the White Mountains (whence their name).

They occupy large areas in New England, and constitute the gneisses and mica-

schists of New York Island, of Philadelphia, Baltimore and Washington. A
similar group of rocks is found at the summit of the Huronian series, in northern

Michigan ;
and from this, as well as from the facts observed on the Schuylkill, and

many other places, they are believed to be younger than the Huronian, although

some geologists have supposed them to be older. Similar rocks are traced south-

westward from the Potomac, throughout the Blue Ridge, of which they form, in

Virginia, North and South Carolina and Georgia, an important part, and are there

gold-bearing.

The gneisses of this series are distinguished from those of the Laurentian by

being finer grained, and having white feldspar. They are, moreover, less firm, and

more tender, often containing silvery mica, and pass by insensible gradations into

the coarse mica-schists of the series, which are very unlike in aspect to the soft

unctuous mica-schists of the Huronian. Hornblende prevails in many parts of

the series, and the gneisses, by its predominance, pass into a bluish-black hornblende-

rock, often thin-bedded. Noticeable among the basic members of the terrane, is

the granular olivine or chrysolite-rock, which, often accompanied by enstatite, and

by serpentine, appears to be interstratified in the micaceous and hornblendlc

schists of the Montalban, hi North Carolina, and in Georgia. Crystalline limestones

are found in this terrane, often in considerable masses, and resemble somewhat, in

the presence of hornblende, apatite and graphite, the limestones of the Laurentian.

The Montalban series exhibits beds and veins of iron-pyrites and copper-pyrites,

in many localities, but the oxidized iron-ores which abound in the preceding

series, are scarcely known in this. The fine-grained gneisses of the Montalban, are

commonly, known in New England by the name of granites, but the series is also

penetrated by great masses of true eruptive granite. The mica-schists of the se-

ries are remarkable for the abundance of crystallized garnet, staurolite, chiastolite

and cyanite which they contain
;
these species, with the exception of the first, not

being, so far as known, found hi the Laurentian series. The endogenous granitic

veins, carrying muscovite, dichroite, spodumene, tourmaline, beryl, columbite,

tinstone, and apatite, in the Atlantic belt, are chiefly, if not wholly, found in the

Montalban series. T. STEERY HUNT.



THE GEOLOGIST'S TKAYELING HAND-BOOK.

2-15. PALEOZOIC.

2-4. CAMBRIAN (OR LOWER SILURIAN) AGE.

2 a. Acadian. This series is found at Braintree, in Massachusetts, at St.

John, in New Brunswick, and at St. John, in Newfoundland. It includes one

thousand feet or more of fossiliferous sandstone and shale, and according to Dr.

Hunt, corresponds to the Menevian of Great Britain. It has only been found

along the north-eastern border of the Atlantic belt. It is remarkable as a fofesil-

iferous rock below the Potsdam, which had, before its discovery, always been con-

sidered as the lowest formation of that description on the continent.

2 b. Potsdam. The Potsdam sandstone, was for a long time considered as

the lowest sedimentary fossiliferous rock. It is usually of a purely quartzose

character, generally gray, though often striped, and sometimes partially or

entirely red. In places it appears as a conglomerate, but sometimes the enclosed

masses are angular, showing them to be near their source. Hall, N. Y. R, 27.

It is a hard silicious sandstone, white, red, gray, yellowish, and frequently striped.

Some strata of this rock are covered with the most beautifully characterized

ripple-marks as perfect as if just formed on the sand of a sea-beach, while

the rock is the most indurated kind of sandstone. Its lower portion is a

granitic conglomerate, in which large masses of quartz, the size of a peck

measure, are often enveloped ; they are rounded and water-worn, and held together

by a finer variety of the same material. On the Canada slope, where the

mass is 300 feet thick, it is wholly a conglomerate, made up of coarse materials.

The part which is properly a sandstone, has two principal varieties, a close grained,

sharp edged mass, with natural joints traversing it in two directions, but so closely

wedged together that it is quarried with difficulty. This is the Keeseville variety,

and that of Pa. and N. J. The other, the typical mass at Potsdam, is an even

bedded and somewhat porous rock, at many places a distinct friable sandstone,

in others a yellowish-brown sandstone, the particles of which are compacted

together, so as to form a firm, even-grained mass, with the planes of deposition

perfectly smooth and separable from each other, the layers being from two inches

to four feet thick. At Potsdam quarries, a layer of 100 square feet may be raised

and split into rails, six inches wide and ten feet long, or it may be broken into

pieces the size of a brick, with even edges of fracture, and each layer may be

separated into many. The color here is yellowish-brown, and a deep red variety

occurs at Chazy, resting immediately upon the primitive rock. Mather, 102. It

is nowhere charged with mineral matter, either disseminated or in veins. The
native copper of Lake Superior is hi an old trappean formation, and has no relation

to the neighboring extensive formation of Potsdam. In an economical point of

view, the Potsdam is unimportant as a depository of useful substances.
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The general color of the stone at Potsdam is yellowish-brown, but the

tint of each layer differs somewhat from those adjacent to it, so that the rock,

upon the fractured edges, wears a slightly striped aspect. It is the finest quarry
stone in the state, being so perfectly workable and manageable. 360. It is an ex-

cellent building material, holding mortar well, and makes a dry house. 29. Under

the Potsdam, and upon the primary rock, is the position of the specular and red

oxide of iron. V. 267.

In Minnesota, the lower portion of the formation is 400 feet thick, and is hard

and often vitreous, and usually of a brick-red color, with very distinct layers, often

separated into slaty layers by partings of red shale, strongly marked with

fucoidal impressions, frequently ripple-marked and cracked. The upper part of

the formation, there called the St. Croix sandstone, is white or buff in color, often

friable, and constitutes a heavy bedded or massive sandstone of rounded quartzose

grains. N. H.Winchell.

In Minnesota and Iowa, the Potsdam proper, omitting the St. Croix sandstone,

is a friable, crumbling mass, of no value for building purposes except as

sand, consisting of a pure silicious sand in minute grains, with a very slight

amount of cementing matter. Unless protected by some more resisting rock

above it the Potsdam appears in steep slopes, or low, gently swelling hills and

mound-like eminences. Those portions which are hard and enduring are cemented

by oxide of iron, and have a brown color.

In Wisconsin, the Potsdam is 800 to 1000 feet thick, and has a much larger

surface-development than elsewhere, as will be seen by the great number of

railway-stations on it. It extends over 12,000 square miles, and contains many
fossils not found in New York. Where the Potsdam in Wisconsin is on the surface,

and not covered by drift, there is usually a loose, sandy soil, with a sparse growth
of small oak and pine timber. This formation is one that has. been very properly

allowed to retain its original name almost undisputed all over the United States,

except that Professor Owen at first called it the LOWER SANDSTONE, in the North

West to distinguish it from the 3 c., St. Peters or Upper Sandstone.

In Michigan, the Potsdam is the red sandstone, which is emphatically the

chief rock that appears upon the immediate coast of the whole south shore of

Lake Superior, and forms the Pictured Rocks and the Falls of St. Marie. Here it

is of inconsiderable thickness, but it regularly thickens in going westward.

Houghton, 4th R., 500. Some have referred the Lake Superior sandstone to the

age of the Chazy, but the late studies of Rominger show that it is really of

Potsdam age. The Chicago Tribune office building is of this Lake Superior

sandstone, and the Court House at Milwaukee is another conspicuous specimen.

In Pennsylvania, the Potsdam, is a compact, fine-grained, white and yellowish

vitreous sandstone, containing specks of Kaolin.

The Potsdam formation is supposed by some to Jbe represented in the Green

Pond Mountain of New Jersey by a local deposit of coarse conglomerate, 3000 feet

thick, but others deny that this mountain is Potsdam. It is less than 30 feet thick

where it is seen rising from beneath the limestones of the Lehigh River, but

increases in thickness westward and southward, until it comes to be represented in

Tennessee by many thousand feet of alternate coarse and fine deposits. See

Safford's Geol. R. of Tenn.
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3 a. Calciferous. This group embraces in New York three distinct masses

as to character and position, and these alternate and intermix with each other. The
first is silicious, compact, and may probably be the continuation of the Potsdam
sandstone. The second is a variable mixture of fine, yellow, silicious sand and
dolomite or magnesian carbonate of lime, which, when fractured, presents a fine,

sparkling grain. It is in irregular layers, which have a shattered appearance,
from numerous cracks, the parts being more or less separated from each other.

This is the mass from which the name Calciferous sandrock was derived. The
third is a mixture of the dolomitic material, which is usually yellowish, very-

granular when fresh broken, and of a compact limestone, which resembles the

Birdseye. The action of the weather gives these layers the appearance of Gothic

fret-work, and the color becomes a dark yellow-brown. V 21. As its name

indicates, it is a sandy magnesian limestone, but it is not destitute of beds of pure
limestone. The mixture of a variety of mineral matter causes the rock to weather

unequally; hence it is often rough externally, portions of the silicious part

standing out in relief. There are two quite uniform characters which distinguish
the Calciferous, viz : A fine crystalline structure intermixed with earthy matter,

and numerous small masses of calcareous spar. E. 105. Great numbers of quartz

crystals are found in the cavities of this formation, many of them very perfect as

to form and transparency. V. 30.

In the Mississippi basin this formation is called the LOWER MAGNESIAN

LIMESTONE, to distinguish it from the Upper or Trenton limestone. The eastern

name, Calciferous or lime-bearing sandrock, does not apply, as it is almost

free from sand. As its western name indicates, it is a dolomite or magnesian

limestone, and makes an excellent lime for building-purposes. It usually contains

about one equivalent or forty-five per cent, of carbonate of magnesia. This

limestone forms the summits of the bluffs of the Mississippi; it supports

high table-lands that extend back from the river, and forms prominent angles
to the summits of the bluffs on either side of that river. These even and

heavy layers are those usually quarried for building-stone. D. D. Owen gives

descriptions of the picturesque character of the landscape in the region of

the Upper Mississippi, and especially the striking similarity which the rock

exposures present to ruined structures, and his report is illustrated by beautiful

engravings showing the castellated appearance of the cliffs of the Lower Magnesian
limestone on the Iowa River. In Pennsylvania it is a coarse, gray calcareous

sandstone, containing cavities enclosing very minute crystals of quartz and

calcareous spar.

3 b. Quebec. This group was divided by Sir W. E. Logan into three

parts, consisting, in the ascending order, of 1. Levis, 2. Lauzon, and 3. Sillery.

But it afterwards appeared that the section on which this order was based was an

inverted one, and that the Sillery was the oldest.

The Quebec group is about 7,000 feet in thickness. The lowest, or 1. SILLEEY

subdivision, is a massive greenish sandstone, fine and coarse grained, frequently a

conglomerate of white quartz pebbles, and is 2,000 feet thick. The sandstones

are sometimes slightly micaceous, with small scales of green and black shale. They
usually present massive beds, and at Sillery some of the layers are quarried and

used for building purposes at Quebec. The 2. LEVIS, or middle portion of the

Quebec, is 1400 feet thick. It is named from Point Levis, opposite Quebec, and

consists chiefly of fossiliferous limestone-conglomerates. The 3. LAUZON or upper
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member, as the order is now understood, is 1,839 feet thick, of black graptolitic

slates. The Quebec group, however, presents somewhat different characters

in various parts of its distribution. The districts where it is developed are

characterized by great faults and inversions of the strata, rendering, as appears

above, even their order uncertain.

Dr. Hunt, in his table of formations, places the Sillery below the Potsdam and

Calciferous, and the Levis above them, including in the Levis alike the graptolitic

slates, the Lauzon, and the fossiliferous limestones of the Levis of Logan. The

Quebec group extends along the west side of the Green Mountain range, and covers

a considerable part of the State of New York, east of the River Hudson, the rocks

being part of the non-fossiliferous clay-slate formerly called the Hudson River

slate, which outcrops near Poughkeepsie. The area is divided, on the west, from
the true Hudson-River slate formation by the great fault mentioned in note 8 of

New York.

3 c. Chazy. To the Quebec group succeeds the Chazy limestone. As
a whole, it is a dark, irregular, thick-bedded limestone. At Chazy, New York, on

Lake Champlain, it contains many rough, irregular, flinty or cherty masses. At
Essex the beds are more regular, and form, in consequence, a better building stone.

As a limestone it is purer than the Calciferous, being non-magnesian ;
the principal

foreign matter is silica in the form of chert. It is free from the brown earthy spots,

and the masses of brown calcareous spar so common in the Calciferous sandrock.

This formation is 130 feet thick on Lake Champlain, but it is less constant in

the series than the others, and as it is not an important formation on the lines of

the railroads, an extended description is not here necessary. It is not found in the

valley of the Mohawk. Its fossils are found in Pennsylvania and Virginia, but its

limits are not there defined. In the Northwestern States the St. Peter's sandstone

occupies the same place in the series as the Chazy in the east.

3 c. St. Peter's Sandstone, (Upper Sandstone of Owen). This is a western

formation and does not occur in the Eastern states, but Prof. Lesley thinks it

may have representatives in the massive silicious members of the great limestone-

mass of from 5,000 to 6,000 feet thick, as measured along the two branches of the

Juniata in Pennsylvania. It is first recognized in going west, to the southwest of

Winnebago Lake. It is also seen up the Mississippi, near St. Paul and St. Anthony,
and on the streams of northeast Iowa, and at La Salle, Illinois, where it is brought
to the surface by an anticlinal axis.

^
It is remarkable for its uniform thickness,

which is from 72 to 100 feet over a space of 500 miles in length and 400 miles in width.

In Central Wisconsin, however, its thickness is very irregular. It is also of the same

character throughout, being composed of wonderfully uniform and exceedingly

minute grains of sand, held together by the merest trace of cement, so that the mass

may easily be moved with shovel and pick, as is everywhere done for the purpose

of obtaining sand for mortar. This sandstone, though usually white, sometimes

assumes a buff or brown color from the presence of iron, and in some localities

it becomes red or is marked by bands of a bright green color. It appears like a

recurrence of the Lower or Potsdam sandstone. Being composed almost entirely

of pure silica it is, when not colored by oxide of iron, one of the very best

materials yet discovered in the west for the manufacture of glass. It is the

same as that known in Missouri as saccharoidal sandstone, which is carried to

Pittsburg, Pennsylvania, and used by the glass-makers in manufacturing the best

kinds of glass. See Note 2, Missouri.



18 THE GEOLOGIST'S TRAVELING HAND -BOOK.

4 a, Trenton Limestond Next in ascending order occurs the 4 a. Trenton

limestone which, in the Northwestern States, is divided into the Buff limestone

and the Blue limestone. In Wisconsin there are two buff and two blue beds

alternathig. They are undoubtedly the same as the well known Chazy, Birdseye,

Black River and Trenton limestones of New York and other Eastern States. They
are known in the "West wherever the exposures reach to the upper sandstone.

The upper member of the 4 a. Trenton limestone, in South Western Wisconsin

and the adjoining parts of Illinois and Iowa, is the very important GALENA or lead-

producing limestone, which has no exact representation in the Eastern States. It

is a light gray or yellowish-gray, heavy-bedded rock. It is compact, minutely

crystalline throughout, often with small cavities lined with crystals of brown

spar, and the whole thickness of the formation is 250 feet. The Galena or lead

ore contains 13.4 per cent, of sulphur and 86.6 per cent, of lead, and is found

in heavy bodies in crevices in this Galena dolomite or magnesian limestone.

Prof. J. D. Whitney, in his admirable report on the geology of the lead region of

Southwestern Wisconsin, has proved that these lead deposits must have been

introduced into the fissures by precipitation from above. The lead mines of

Missouri are chiefly in the Lower Magnesian limestone.

In Wisconsin, a very noticeable feature of the Trenton limestone is its

marked division into the two parts before mentioned. One, which is the lower

half, is very heavy bedded, in layers of two or three feet thick, known as the glass-

rock, and the other thin bedded, in layers of two or three inches. There is always
a stratum of carbonaceous shale from a quarter of an inch to a foot or more in

thickness, which separates the blue or Trenton from the thin bedded Galena

limestone above it.

Professor R. D. Irving describes the Galena limestone as almost invariably a

very compact, hard, crystalline rock, of a yellowish-gray color, with numerous

small cavities filled with a softer material, or lined with crystals of calcite. The

upper portion is thick-bedded and free from flints, the layers being from one to

four feet thick, while the lower portion almost invariably consists of several feet

of layers from one to two inches thick. Good exposures of parts of the Galena

limestone are frequently to be met with. It may be seen in cliffs and ledges, on

nearly all the streams in the lead-region, where it weathers irregularly, leaving the

surface full of small cavities, due to the removal of its softer parts. The formation

contains masses of flint in layers, or in irregular pieces, which are principally

confined to the middle and lower parts of the formation, although not entirely

absent from any part.

In the interior valleys of Pennsylvania, as for example, in Sinking Valley,

Blair Co., considerable quantities of zinc-ore, and some galena, have been found in

the Trenton limestone group, which is there at least 1,000 feet thick. The lead-

mines of Wythe Co., Virginia, are at the .same, or at a somewhat lower horizon.

The zinc mines near Bethlehem, Pennsylvania, and near Landisville, Lancaster

Co., are nearly of the same geological age. Isolated crystals or small masses of

galena occur in crevices in the limestone beds of this age throughout the entire

range of the great valley from Newburgh, on the Hudson, to Chattanooga, in

Tennessee. The limestones hi this valley, which are the Auroral limestones of

Rogers', are, by some geologists, referred to an older series. See, in this connection,

the foot note on page 21.
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In the State of New York the lower part of the Trenton is called the Birclseye.
It is a perfectly pure limestone, and the next layer, which is the middle or Black
River sub-division, is sometimes used as a marble. It is solid, hard and easily

worked, by reason of its conchoidal fracture, and is valuable for lime and for

building.

The upper part of the formation, or Trenton limestone proper in New York,
consists of two distinct varieties, at Trenton Falls. The first or upper part, is a

dark or black colored, fine grained limestone, in thin layers, separated regularly

by black shale or slate, forming the great mass in which the creek has worn its

channel, and in which are all the falls. See Note 62, New York.
The second, or lower part of the Trenton proper, is a gray, coarse grained

limestone, in thick layers, and it is quite crystalline. This is the quarry-stone at

Prospect, above Trenton Falls. At Montreal, the church of Notre Dame and many
other structures, are constructed of the gray variety of the Trenton limestone,

quarried behind the city, but the thinner layers, when not dressed, are of a more

pleasing color, and make a handsomer building-stone.
The Trenton formation in all parts of the United States, is almost always a

limestone. A conspicuous example of the Trenton, Utica and Hudson River

formations, is seen in the long continuous and beautiful valley of the Hudson and
Lake Chatnplain, the Kittatinny valley of New Jersey, the Cumberland valley of

Pennsylvania, the Shenandoah valley of Virginia, and the valley of East Tennes-

see. The fertility of its limestone land is almost inexhaustible. The deposits of

brown hematite iron-ore, found in the soil, and occupying hollows or basins in the

softer limestones below the Trenton in so many places, and in such large quan-
tities, are supposed by some to be of aqueous origin, and not strictly a product
of this formation, which is only its receptacle. But many other geologists, R.

M. S. Jackson, A. A. Henderson, Lesley, Platt, Prime and Frazer, have all agreed
in advocating the opposite view, each from his own independent studies. They
derive the lirnonite beds either from the solution of the ferriferous limestone lay-

ers, or from the intercalated micaceous slates, or from the pyrites-bearing slates

of the neighborhood. According to Dr. Hunt, it comes from the change of masses

of iron-pyrites and of carbonate of iron, originally imbedded in the limestones

and slates. See the foot note on page 21.

4 b, Utica Slate, The Trenton limestone is succeeded by a dark or black

carbonaceous slate, called the Utica slate. In Pennsylvania this formation is

everywhere darkly colored, and the coloring matter is probably derived from
abundant remains of marine plants or animals. While the black color of some
of the clays in the brown hematite ore banks of the upper range (immediately
beneath the Utica slate) as at the mines in Lehigh Co., Pa.

, and the Brandon ore

mine in Vermont, seems to be derived from the black slates of the Utica, the

gray color of some of the limestones, and of the carbonate ores, (as at the

Saucon zinc mines) is known to be due to disseminated graphite.

Within the State of New York, it is everywhere black, and usually soft and
fissile. Thin beds of impure limestone are associated with it in many places, and
sometimes thin layers of carbonate of iron, and it passes into the Trenton limestone

by gradual interstratification. Thus bands of slate are interstratified in the

limestone, and thin strata of limestone containing fossil remains in the lower part
of the slate. These crumbling shales may generally be distinguished by their

dark blue-black and brownish-black color, but there are some strata among the
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grits of the Hudson River that can scarcely be distinguished from these. The Utica

slate weathers ash-gray, rapidly disintegrates, and, where it is exposed in cliffs,

frost and other agents constantly break it into small fragments, which collect at

the base in the form of a talus. In Pennsylvania, it outcrops, with little or no

variation, as a dark blue carbonaceous slate and shale, extremely fissile in its lower

beds. It forms the surface-rock along a narrow region in the Mohawk Valley.

In East Tennessee, the beds both of Utica and Hudson River, or Cincinnati, are of

great extent, and consist of blue calcareous and sandy shales, with some layers of

calcareous sandstone. Professor Hall considers the Utica slate as properly the

lower member of the Hudson River group.

4 c. Hudson River, (Cincinnati, Nashville, Loraine and Frankfort sandstone

and shale.) The rocks of this group in New York are mostly slates, shales

and gray, slaty and thick-bedded grits. The slates and shales are generally

dark brown, blue and black, and the grits are gray, greenish and bluish-gray.

They are stratified and conformable, alternating a great number of times, without

any regular order of alternation, and in Eastern New York are from 500 to 800 feet

thick. The first New York geologists called this formation the Greywacke, and

it is still so called by the stone-cutters on the River Hudson. Its lower portion was

called the Frankfort slate and sandstone, and the upper part the Pulaski shale and

sandstone, which latter were afterwards called the Loraine shale. Wherever streams

have passed over it they have, in process of time, worn hi the rocks a deep channel

or gorge, sometimes preventing a free communication across them, as at Loraine,

(See note No 69, New York.) By decomposition, it produces a tenacious, clayey

soil, favorable for grass, forming the best dairy-land, as in Orange Co., New York,
about Goshen and Middletown. It increases in thickness southward so rapidly

that at the Delaware and Lehigh water-gaps, measurements of 5,000 feet have

been made through it, from its top downwards, without reaching its lower limit.

In many places along its last outcrop towards the Atlantic, it has furnished

many masses of a substance resembling anthracite, also beds of impure limestone,

and beds of red shale, which increase very much going south into Virginia.

In Pennsylvania, the Hudson River slate consists of blue and greenish-gray

shale, alternating with gray calcareous and argillaceous sandstone in thin beds.

The sandstones grow more abundant as we ascend in the formation. The middle

portion, where much metamorphosed and intersected by cleavage-planes, in certain

localities, produces a good roofing-slate, as at Slatington and Delaware Water

Gap, Pa.

The geologists of the western states generally, have dropped the designation

of Hudson-River, at least hi regard to strata west of the Alleghanies, and have

substituted for it the name, CINCINNATI, proposed by Worthen and Meek
; making

this term co-extensive with the former. In this guide, Hudson-River is used in

the Eastern and Cincinnati in the Western States. At Cincinnati the whole series is

about 800 feet thick, and, according to Dr. Newberry, by its fossils, is the equivalent

of the Chazy, Trenton, Utica and Hudson-River, all blended together. In Ohio it

is composed of alternating beds of limestone and shale, the latter sometimes

called blue clay. The limestone is an even-bedded, firm, durable, semi-crystalline

limestone, crowded with fossils. It is commonly called the blue limestone, but the

prevailing color is grayish-blue, and the weathered surfaces show yellowish or

light gray shades. In Southern Illinois the lower part of the Cincinnati is

composed of brown sandy shales and sandstone, and the upper portion is a thin-
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bedded, dark bluish-gray, fine grained limestone, two to six inches thick, with

shaly partings between the layers. In Northern Illinois it is bituminous, and consists

of sandy shales with thin bands of limestone. Ill Iowa it .is the Maqueketa shales,

which are bluish and brownish shales forming a stiff clay soil. In Missouri the

upper shale bed only is found, with an occasional flag-like limestone layer.

On the west bank of the River Hudson this formation continues uninterruptedly
from Kingston to Saratoga Lake, and on the east side of the river also, it is clearly

denned along the valley, with a width of from one to several miles, varying
and irregular in outline from Rhinebeck to Lake (Jhamplain, its eastern limit

approaching the river at the former place. J. Hall, A. A. A. Sci. 1877.

The N.Y. C. & H. R. R. R. runs on it for 65 miles, from below Rhinebeck to

Troy, and the formation continues along the river many miles further northward.

The name Hudson River is, therefore, highly appropriate for the formation. The
shales and impure sandstones are upturned, and thereby modified in character along
the river, but they are no older than the horizontal rocks in the Mohawk valley, a

few miles west of the River Hudson, and at Frankfort, Loraine and Pulaski. They
have the same fossil contents, and their direct continuity can be traced. There is, it

is true, a great mass of metamorphic shale and sandstones to the eastward of those

on the river above described, and between them and the state-line, which contains

different fossils, and belongs to an older formation, called the Quebec group. But

the Hudson River formation is the same which extends through Canada and the

Northwestern States, and southward through Ohio, Kentucky and Tennesee, where

it is called the Cincinnati and Nashville formation. It is very much to be regretted

that the original name of Hudson River has not been everywhere retained.

There is more confusion and uncertainty about the Cambrian or Lower Silurian

formations in many localities than about any other portion of the whole series.

The difficulties arise from the scarcity of fossils, the disturbed and altered state of

the greater part of its rocks, from the absence of those which should immediately

precede and follow them, and which if present would show their position in the

series, and also from the difficulty of distinguishing them from those of greater

age adjoining them, and with which they are really or apparently blended.*

*Overlying the various crystalline terranes described on pages 10-13, along the western border
of the Appalachian mountain belt from the Gulf of St. Lawrence to Alabama, are found extensive
formations, differing, it is said, from those, and from the fossiliferous rocks above them, which
have been the subject of much discussion. To these rocks, as displayed in the Taconic hills of
New England, Prof. Emmons gave the name of the Taconic system, which he divided into a lower
and an upper series. The views of Emmons are still held by Dr. T. Sterry Hunt, and others, and
there is agrowing belief in favor of the existence of such a series of rocks; but they are opposed by
Mather, Hall, Logan, Rogers, Dana, and the great majority of American geologists, who hold that
Emmons's Lower Taconic series is the stratigraphical equivalent of the Potsdam, Calciferous,Quebec,
Chazy, Trenton, Utica and Hudson River, and his Upper Taconic, of the succeeding Oneida and
Medina formations; their lithological differences from the same formations further west, being due
to some agency which has changed them, inducing crystallization, and obliterating their organic
remains. The purposes of this work will be best subserved by describing the formations in accord-
ance with the received opinions, of geologists, generally, without entering on controverted ground,
and merely stating briefly, that what is designated as the Upper Taconic, extends from Orange
County, New York, above Newburg, across the River Hudson, and through Dutchess and other
counties of Eastern New York

; thence through Western Vermont and Canada, as far as the city of

Quebec and beyond. The Lower Taconic, including a granular quartz-rock, and the Stockbridge
limestone, with roofing-slates, and soft, so-called talcose slates, extends from Vermont along the
western base of the South Mountain and the Blue Ridge, underlying the great Appalachian valley,
as far as Alabama, and having a thickness of 5000 feet. There is also a range, more or less contin-
uous, of this formation, from Delaware into North Carolina, where it is found at the eastern base
of the Blue Ridge, resting on the Montalban.

According to Dr. Hunt, the Lower Taconic constitutes a fifth crystalline series, younger than
the Montalban, and by him distinguished by the name of TACONIAN, which includes the Auroral
limestones and the Primal slates of the Appalachian valley,with their limonites and crystalline iron-

ores, and also the itacolumites and the pyrophyllite slates of North Carolina. The Upper Taconic,
which comprehends the Quebec group of Logan, consists, in hia view, of uncrystalline strata of
Cambrian age, below the horizon of the Trenton limestone,
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5-8. SILURIAN (OR UPPER SILURIAN) AGE.

5 a. Medina. The lower member of this formation is a pebbly sandstone
or grit called the Oneida conglomerate, being the same as the Shawangunk
conglomerate. The upper member is called distinctively the Medina sandstone,
and is usually a red or mottled argillaceous sandstone.

1. The Oneida conglomerate in NewYorkis composed of quartz pebbles rarely

exceeding three-fourths of an inch in diameter, and of white or yellowish quartz-
sand. In some localities there is some interposed greenish shale. The source of its

materials was to the south, the rock being 500 feet thick in the Shawangunk
Mountain at Wurtsburg, on the N.Y. & Os. Mid. R. R, and 1000 feet thick in some

parts of Pennsylvania and Tennessee. The greatest thickness of the Oneida in

the eastern part of New York is 30 to 40 feet, but in the western part the

same place is occupied by a gray quartzose sandstone, fine grained and compact.

Passing upwards, the gray sandstone intermingles with the Medina sandstone,

which, in its lower parts, differs chiefly in color. The red color of the Medina
sandstone seems to be partially communicated to the gray below, which is often

striped and spotted with red. There is, lithologically, no very strong line of

demarcation between the two rocks. The oxide of iron, the red coloring matter

of the upper member, has been transfused through the material of the lower as

far as its particles could find admittance. The flagstones in the side-walks of

Buffalo and Rochester, of a white color clouded with red, are of this formation .

In New Jersey the gray sandstone formation consists of a thick series of hard,
white and whitish gray siliceous rocks, of various degrees of coarseness, from that

of a fine grained, pure sandstone to that of a quartzose conglomerate with

thickly-set pebbles averaging half an inch in diameter. This is the summit of the

long, straight mountain ridge called the Kittatinny or North Mountain, extending
from near the Hudson River into Virginia.

In Pennsylvania the Oneida conglomerate is a compact, greenish-gray, massive

sandstone, containing in many places thick beds of siliceous conglomerate, and

the Medina sandstone proper is a thick mass of alternating red shales and red and

gray earthy sandstones . It is the North Mountain of the great Cumberland valley.

At the Delaware Water-Gap the whole mass of Oneida and Medina consists

of seven massive plates of coarse sand and conglomerate, separated by more

argillaceous layers from each other. Going west, the number, according to Prof.

Lesley, is reduced to five, and finally in Middle Pennsylvania to two, each of them

very thick, and making its own mountain-crest when the dip is vertical, while the

intermediate softer red mass forms a little valley between the crests. The whole

formation is about 1,900 feet thick. When the dip is gentle, the Oneida

makes a beautiful lofty terrace upon the flank of the mountain, the crest of which
is always made by the Upper Medina. Traced southward through Virginia into

Tennessee
,
this formation gradually thins away to 50 feet, as seen west of Knoxville.

2 . The Medina sandstone proper succeeds the gray sandstone, there being no
definite line of division between them. In this rock is found the Fucoides Harlani

affording a positive character whereby to recognize it in the series . This sandstone

is almost invariably of a red color, generally a brown-red, more rarely variegated

light red and yellowish, and in a few rare instances of a light or whitish color,
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partiallygreenish. It is both fine grained and coarse grained, the latter usually of the

deepest color, the former more variegated. The lower falls of the Genesee, below

Rochester, 110 feet in height, are formed by this rock. The deep gorge and

high cliffs on both sides of the Niagara River, at Lewiston, New York, are more

than one-half excavated in the Medina.

In New Jersey it is a thick formation of red and variegated sandstones and

shales. Its lower beds are a dark red sandstone of a very ferruginous composition,

and extreme hardness, and in the middle and upper divisions of a brownish red

shale and a very argillaceous sandstone, partly calcareous.

Neither the Oneidanor Medina are found west of Ohio. Some large masses ofgalena
and copper-pyrites with blende, have been found in the Oneida or Shawangunk
grit, on the Erie R . R. east of Port Jervis and at Ellenville, but they were soon

exhausted. When the Medina is a heavy coarse rock it produces a poor, barren

country, but in Western New York it is more calcareous, and the soil is much better.

5 b, Clinton. This group consists of many different kinds of rocks or

masses, from which circumstance it was first called the Protean group. The
name of Clinton was given to it on account of the characteristic masses being found

around the village of Clinton, in Oneida County, New York. It consists of green
and black-blue shale, greenish, gray and red, soft marly layers, often laminated

calcareous sandstone, encrinal sandstone, and red fossiliferous iron-ore beds . The
most persistent member of the group is the shale. It is bluish when fresh quarried,

but when long exposed it is always of a greenish hue. The next member is the

greenish sandstone, which is in thin layers, having its surface generally covered with

facoides. This also has a bluish tint when fresh quarried. The third persistent

member consists of two iron-ore beds in New York and several in Pennsylvania.
The term Protean is still applicable to the Clinton group, which, in some

places, consists of thin shaly sandstones, shales, and even conglomerates ;
in others,

of thin bedded, impure limestones, shaly sandstones, iron-ores, etc : still again it

appears as a duplicate series of shales, limestones and iron-ores, with some

intermixture of sandy matter, all containing an abundance of marine shells. In

the west the formation is limestone, and is of a more uniform character.

The Clinton formation produces the celebrated fossiliferous iron-ore, generally

known as the FOSSIL OEE, which occurs in it in every state from New York to

Alabama. In all its localities this ore is red or brownish-red, very hard, and where

unaltered, invariably oolitic or in larger sized concretions. In New York, where

it is extensively mined, there are two beds of it, generally about 20 feet apart, and

upon an average about a foot and more in thickness. The ooJitic particles are

usually more abundant in the lower, the larger sized concretions in the upper bed.

The two beds never appear at 'the same locality, or in the same line of section, but

where the lower one occurs the upper one is wanting, and where the upper one

occurs the lower one is not found.

In Pennsylvania the Clinton is a very extensive formation, nearly 2,000 feet

thick, of slate, shales, sandstones and iron-ore, with the same variety as elsewhere,

and its iron ore is very rich, productive and valuable. The outcrop of the ore-

beds have been traced for hundreds of miles. In Dodge County, Wisconsin, near

Milwaukee, the Clinton iron-ore, at Iron Ridge, is from 15 to 18 feet thick, but

this is very unusual, and it is not in the same part of the formation as the fossil

ore in the east . The deposits of this ore in East Tennessee and in Alabama,
called the Dye-stone ore, are still more extensive.
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5 c. Niagara. This group consists of two distinct members, a shale below

and a limestone above.

The shale in NewYork constitutes a very uniform deposit, while the limestone,

from a thin concretionary mass in the east, becomes an extensive and conspicuous

rock, constantly increasing in thickness, in a western direction, even far beyond
the limits of that state. The cataract of Niagara is produced by the passage of

the river over this limestone and shale, and, from being a well known and

extremely interesting point, as well as exhibiting the greatest natural development
of these rocks in New York, this name was adopted for its designation. In this

vicinity, the limestone is 164 feet thick, with the shale beneath 80 feet thick. The

lower part of the Niagara group exhibits a great development of dark bluish

shale, which, on exposure, gradually changes to gray or ashen color, and forms

a bluish or grayish marly clay. In this state it is undistinguishable from the

ordinary clays, and its outcropping edges, when long weathered, are often

considered as clay beds. The Niagara is a very extensive formation, but its shales

are much more persistent and wide spread than its limestone member in the east,

but the limestone is more widely spread in the west. The gorge below the upper
falls at Rochester is the best place to study these shales. In an agricultural point

of view, this formation, like all limestones, is an admirable one. There is no better

soil than that of the Niagara about Rochester, New York .

A silico-argillaceous limestone, hi New York, forms the beds of passage from

the soft shale below to the purer limestone above . It is of a dark or bluish color

when freshly exposed, but soon changes to light gray or ashen. These beds of

passage are succeeded by a dark bluish gray sub-crystalline limestone, of a rough
fracture, and separated into thin courses by dark shaly matter. The third member
is a coarse grained concretionary mass, in irregular layers, exhibiting a very peculiar

contorted appearance, as if much disturbed while in a semi-fluid or yielding

condition. The concretions often present cavities lined with crystals, or contain

the remains of some organic body. This is the surface-rock in West Avenue in

Rochester.

The Niagara limestone is the great limestone which, in "Wisconsin, occupies

the peninsula between Green Bay and Lake Michigan, andthen stretches southward

to the south limits of the state, and far into Illinois and Indiana. It will be noticed

in looking over the Guide, how many railroad-stations in the western states, just

mentioned are on the 5 c. Niagara, and how very extensive the formation must be.

Its general appearance is that of a regularly bedded brown or buff dolomite, with

occasional intercalations of beds of massive gray limestone. The quarries of

beautiful buff limestone at Athens and Joliet, Illinois, so much used in Chicago

for building-purposes, are in this formation. At Joliet there is 40 feet in thickness

of this buff and gray limestone. West and northwest of Chicago the Niagara

limestone is highly charged with petroleum, which oozes from the stone, blackening

the face of walls built of it. On Goat Island, at Niagara Falls, the petroleum

is also seen on the limestone in small quantities. In Michigan it is a grey

crystalline, rather fine grained, moderately fossiliferous, dolomitic mass, 218 feet

thick on Green Bay.

In Western Canada the upper part of the Niagara limestone contains peculiar

fossils, and is called the Guelph, and in Wisconsin it is subdivided into the

4. Guelph, 3. Racine, 2. Waukesha and 1. Mayville beds.
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This formation establishes the topographical distinction between the lower

plain of Canada, in which lie Lake Ontario and Georgian Bay, and the upper

plain of the United States, on which lie Lakes Erie, Huron and Michigan.

Its terrace crosses Ontario, growing loftier as the thickness of the formation

increases northwestward, until it becomes a range of limestone mountain-land,

forming the peninsula between Lake Huron and Georgian Bay. It is there broken

down in a range of islands, and reappears as a peninsula, just mentioned, cutting

off Green Bay from the western shore of Lake Michigan.

The Niagara and other limestones above it, seem not to have been deposited hi

Pennsylvania between the Delaware and Susquehanna rivers, and in Middle

Pennsylvania. While the limestones below it are well represented, the Niagara
is wanting as a separate formation, and its characteristic fossils are scattered

through the Clinton rocks.

6. Salina, (Onondaga Salt Group.) This is an important group in the State

of New York, containing all the gypsum and water-lime, and furnishing all the salt

water of the salines of the city of Syracuse, which produce more salt in a small

territory than any other in the world. Its soil is excellent for agricultural purposes,

forming, with those south of it, including the Hamilton, the garden-region of the

State of New York. The whole group is about 700 feet in thickness, and is

divided into five deposits, but there are no well defined lines of division between

them, except the last two.

1. The first or lowest is a red shale, showing green spots at the upper part of

the mass. The great mass is of a blood red color, fine grained, earthy in fracture,

with no regular lines of division, but breaking or crumbling into irregular

fragments, and shows but little variation. In several localities the red shale shows

numerous green spots, varying from an inch or less to several inches in diameter,

which strongly contrast with the red ground on which they are placed. The green

color is the result of a chemical change, the peroxide of iron being reduced to

protoxide. This red shale is of great extent along the railroad, and presents a

thickness of from one to five hundred feet, yet nowhere has a fossil been found

in it, or a pebble, or anything extraneous, excepting a few thin layers of sandstone.

The main line of the N. Y. C. & H. R. R. R. runs on the Salina formation 107

miles, from Canastota to Brighton, and nearly all of this distance on this lower

or red shale portion.

2. The second deposit is the lower gypseous shales, the lower part of it

alternating with the red shale, which ceases with this mass . This second deposit

consists of shales and calcareous slates of a light green and drab color, with

alternations of different colored masses, red, green, bluish and yellow, with a

little whitish and greenish sandstone, different colors predominating in different

places. In this deposit gypsum occurs in fibrous masses, either reddish or of a

salmon color, which colors are peculiar to this deposit. The quantity of gypsum
in this second deposit is comparatively small, and it is unimportant in an

economical point of view.

Both the second and third deposits are permeable to water, which cannot be

obtained in any of the hills composed of them unless the wells are sunk to the

level of the water-courses, a fact which explains the absence of all brine-springs

above the level of the country.
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3. The third member of the Salina formation is the gypseous deposit, which
embraces the great masses quarried for plaster or gypsum, consisting of two

ranges, between which are the hopper-shaped cavities, the vermicular lime-rock,

and other porous rocks. This is the most important deposit, not only on account of

its plaster-beds, but because it is only in this deposit that we have positive evidence

that salt has existed in a solid state, and, therefore, the only source whence the

saline springs of Syracuse could have been derived. The great mass of the

deposit consists of rather soft yellowish or drab and brownish colored shale

and slate, and of more compact masses which are hard, a brownish color

predominating. It is usually denominated a gypseous marl, being earthy and

indurated, slaty and compact. Some of it when weathered, presents a peculiar

appearance, as of having been hacked by a cutting-instrument, with some

regularity. The gypsum does not appear in layers or beds, but it occurs in insulated

masses, and it assumes irregular not globular forms. The dark color of the gypsum
is owing to carbonaceous matter. In many localities there are two ranges of

these masses or plaster-beds, generally separated by the vermicular rock and the

hopper-shaped cavities. There are two masses of the vermicular rock, the upper
one four feet thick, with large porous cavities, the lower one twenty feet thick,

with small pores. This vermicular limestone is a porous or cellular rock, resembling
lava. It is dark gray or blue in color, and perforated everywhere with curvelinear

holes, but otherwise very compact. The holes or cells vary from microscopic size

to half an inch in diameter, the cells being very irregular, and communicating
with each other, some being spherical, and the resemblance in structure to a

porous lava is complete. Forms which are due to common salt have been

discovered in this rock, showing the presence of crystals of this substance, which
were removed by solution.

The most interesting products of the group are the hopper-shaped cavities,

which must have been produced by common salt, as no other soluble mineral

presents similar ones. They show conclusively that salt existed in this third

deposit. When salt crystallizes, a cube first makes its appearance upon the surface

of the brine, then similar cubes form around its border, being attached to its upper

surface, near the edges, while it gradually sinks, and additional particles are

added, forming another row of cubes upon the first range. This is many times

repeated, until the density of the mass formed becomes greater than the liquid,

when it falls to the bottom. When examined, being turned upside down, it

shows a pyramid of regular steps, terminated by a cube, and when its position is

reversed it presents a form like the hopper of a mill. Where two ranges of plaster

beds are seen the hoppers occur between them, and between the two massses of

vermicular rocks, and are from one inch to three inches and more in diameter.

These hopper cavities are formed hi the gypseous marl, or in the more solid parts

of the vermicular rock. Testaceous animals cannot live in water saturated with

gypsum, hence no fossils are found in the deposit. No trace of rock-salt in New
York has met the eye of any one, but the existence of it is a matter of no

doubt.* The fact of the difficulty of obtaining water in the gypseous hills, in

either the second or third deposit, show there is little probability of finding salt

above the level of the waters on account of its having long since been dissolved.

See Note 27, New York, as to the salt-wells at Syracuse.

*After the above was written, rock-salt was first found, in June 1878, in a boring south of
Kochester.
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The "Old Road," or the division of theKY. C. & H. R. R. R., from Syracuse
to Rochester, via Auburn, runs on the gypseous portion of the formation, and the

plaster-beds can be inspected at Marcellus station, close to the railroad, but the

best gypsum quarries are on Cayuga Lake, just north of Union Springs, the masses

being from fifteen to twenty-five feet thick. Sulphuric acid springs, and numerous

sulphur springs occur in the State of New York, in the Salina formation, often

rising through the crevices of the overlying Water-lime group.

4. The fourth or succeeding portion of the Salina formation, consists of those

rocks which show groups of needle-form cavities, placed side by side, caused by
the crystallization of sulphate of magnesia, and presenting a finely striated columnar

appearance. The rock is a dark gray or drab colored, impure limestone, with

cavities containing crystals and often embracing shaly beds. It appears to be a

magnesian limestone, its usual color is a brownish drab, also dove color, and it

breaks with an earthy fracture.

The Salina formation extends westward across Canada, and the salt-deposits

of Goderich in Ontario are in it. Six large beds of rock salt have been found there

in boring, measuring in all 126 feet in thickness, at from 1,027 to 1,385 feet in depth

from the surface, the beds measuring from 6 feet to 35 feet each in thickness.

The salt-deposits and brine-springs of the world are by no means confined to

the Salina formation
;
on the contrary, they are found in almost all the formations

from the oldest to the youngest, and always accompanied by gypsum and red and

vareigated marls.

5. The fifth division of the Salina or Onondaga Salt group is the "Water-

lime, which has generally been considered aa belonging to the Lower Helderberg,
but which properly is part of the Salina. All the hydraulic cement of the State

of New York, known as Rosendale Cement, and Syracuse or Manlius Water-lime,

is manufactured from a portion of the stone of this Water-lime formation. It is

an earthy, drab-colored limestone and usually consists of two layers of drab

limestone, always separated by an intervening mass of blue
;

it is easily recognized

by its gray or ash color when weathered. It has a thickness of not less than

30 feet, and often attains a thickness of 100 feet or more in New York. When
the Water-lime is burnt the stone does not slake, if of a good quality. It is

ground in a mill, and then it hardens or sets when mixed with water, and remains

so under water, its goodness depending on the hardness or cohesion when set.

Its peculiar quality is owing to the proportion of silica and alumina it contains.

The Water-lime continues across the State of New York, the drab layers which

constitute it being always found. The courses into which the layers of Water-

lime are sometimes divided show a crenulated or notched surface, like the sutures

of a skull, the two surfaces interlocking each other. Professor Hall says the

Water-lime is a distinct member, which does not belong to the 7. Lower Helderberg

group of strata, but to that below it, the 6. Salina, of which it is the upper member.

It is not closely related to either, but more nearly to the Salina, and is much more

widely spread than the other members of the Salina. The cement quarries of the

Delaware River, between Pennsylvania and New Jersey are in this formation, but

cease after passing the Lehigh River westward. The beds near Copley are Trenton

or older. In Middle Pennsylvania, where the Salina group, destitute of gypsum
and salt,, measures 440 feet, the cement beds above measure 580 feet, and the

Lewistown limestone (Lower Helderberg) 162 feet, as measured by Ashburner and

Billin, in 1876.
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7. Lower Helderberg. In consequence of these rocks being so well developed
on the Helderberg Mountains, near Albany, New York, they have received that

name. The Lower Helderberg series consists of five limestone sub-divisions, and

the Upper Helderberg of four members. They are separated by an important
sandstone formation the Oriskany. The Lower Helderberg, which is well

developed in the eastern part of New York, thins out in going west, and at

Syracuse disappears entirely. The sandstones also thin out and disappear, so that

at Syracuse the Upper Helderberg rests on the Water-lime, the upper member of

the Onondaga Salt group. The Lower Helderberg consists, in ascending order,

of the 1. Tentaculite limestone, the 2. Pentamerus limestone, the 3. Delthyris shaly

limestone, the 4. Encrinal limestone, and 5. Upper Pentamerus limestone.

1. The Tentaculite limestone is the lowest member of the series. Portions

of it afford fine building stone, which can be procured in blocks of large size,

perfectly solid, and free from cracks or flaws. They vary from ash-gray to black,

and present almost every shade between these colors. The strata are intersected

by two main systems of joints nearly perpendicular to each other, hence the

rock can easily be quarried in large blocks. But much of it is thin-bedded,

often thinly laminated, dark blue
;

its color, texture and composition contrast-

ing strongly with the Water-lime below. H. The 2. Pentamerus limestone

is rarely pure, being more or less mixed with black shale, which gives a dark

color to the rock, it being usually a dark gray. It is crystalline in grain, and is

in layers, but the lines of division are not straight, and the surface is not even.

The whole mass has a rough appearance, and it does not make a good building
stone. V. The 3. Delthyris shaly limestone, as its name implies, is a shaly mass,
and consists of alternate beds of shaly and compact limestone. It is an exceedingly

interesting rock from the great number of species, the abundance and perfection of

its fossils. Hall, 144, The 4. Encrinal is a compact crinoidal limestone, and the

5. Upper Pentamerus is a bluish gray limestone. In Pennsylvania, according to

Rogers, the Lower Helderberg is 50 to 100 feet thick, a diversified calcareous

formation, of some shade of blue, argillaceous and flaggy in its lower beds, and

shaly towards the middle, with layers and nodules of chert.

8. Oriskany Sandstone. In New York the greatest thickness of this rock is

not more than thirty feet, and usually much less, but in Pennsylvania, Maryland
and Virginia it is, in places, as much as 700 feet

;
even hi New York it covers an

extensive surface, and is strongly marked in its fossils, which are generally of a

large size, and attract the attention of travelers. At the typical locality, Oriskany

Falls, the sandstone is twenty feet thick, and is of a light yellow color, friable, and

readily crumbling into pure sand
;
no part of it being sufficiently solid for durable

work. One characteristic of this rock is the abundance of small cavities, which

have been formed by the destruction of fossils. These present themselves in all

cases where the rock is well developed. The porous nature of the mass has

admitted the percolation of water, which has dissolved the calcareous matter of

the shells, usually leaving casts of their internal structure. As a mass the

Oriskany sandstone is a coarse, rather loosely cemented, purely silicious sandstone,
of a yellowish white color. Sometimes it is shaded brown or some other dark color.

In Pennsylvania it forms rough ridges, with a poor sandy soil. It is used for glass-

making, and contains an iron-ore too silicious to be valuable. Some of our geologists

(Hall, Rogers, Dana, etc.) place the Oriskany at the top of the Silurian series.

and others (Newberry, Lesley, Hunt, etc.) at the bottom of the Devonian.
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9-12. DEVONIAN AGE.

9. LOWER DEVONIAN.

9 Upper Helderberg or Corniferous, This very widely extended formation

consists of four important members, the Cauda-galli, the Schoharie grit, the

Onondaga limestone, and the Corniferous limestone, the upper member. But
in the recent text-books on geology the whole formation is called the Cornif-

erous, which was the name given by Eaton to the whole formation of limestone.

It forms the Helderberg range, a high ridge which extends through the State of

New York,forming a very rich and productive tract of country. This group of

strata, as above limited, and designated the Upper Helderberg by Professor James

Hall, is, in his opinion, deserving of recognition as the base of the Devonian, the

Hamilton group being the middle, and the Portage, Chernung and Catskhl the

Upper Devonian.

9 a. Cauda-galli. This is a fine-grained calcareous and argillaceous sandstone,

usually drab and brownish, and blanching by long weathering. It readily strikes

the eye by its contrast with its associated rocks, and by the singular marking of

impressions strongly resembling the tail of the common barn-yard fowl, from

whence its Lathi name of Cauda-galli or cock's-tail. Its fossils have been found

in New York and at Crab Orchard, in Kentucky. In New Jersey, northeast of the

Delaware Water Gap, this and the Schoharie are three hundred feet thick.

9 b. Schoharie Grit. This is very much like the preceding, but altogether

different hi its fossils. It is a fine-grained, very calcareous grit, or an arenaceous

limestone, naturally brown, but weathering to a gray or drab color, containing a

great number of fossils peculiar to this stratum, and is found in the mountain

one and one-half miles northwest and northeast of Schoharie, New York, and

extends by the Helderberg range to Kingston. The Schoharie Grit is a highly
fossiliferous formation, and has a wide geographical extension. Its great number
of cephalopods gives it a marked character, but it contains other fossils identical

with the limestones above. H.

The 9 c. Onondaga Limestone in New York rarely exceeds ten to fourteen feet

in thickness, but is very persistent, and is readily recognized by its light gray color,

crystalline structure, toughness, and its numerous organic remains. This is one of

the most valuable building stones in the Helderberg division, and has been largely

quarried near Syracuse for the canal. It is an imperishable stone, having great

power to resist the action of air, water and frost. It is generally the rock over

which the water flows at the water-falls on the Helderberg range, as at Perryville

and Chittenango Falls, and is remarkably uniform in its character. It is more

extensive than the Corniferous proper, and it is very rich in beautiful and char-

acteristic fossils. The limestones used for flagging in Syracuse are Onondaga

limestone, brought from the typical localities Onondaga Valley and Split-Rock

on Onondaga Hill. "When wet they make a fine display of fossils of this

formation. This stone is also used for building everywhere in Central New
York.
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9 d. Corniferous Limestone. For all practical purposes, this and the Onondaga
limestone may be regarded as one formation. It extends from the Hudson River

to the Niagara River, which it crosses at Black Rock, producing there a rapid

current at the International Bridge, at Buffalo, and forming a small island just

above the water. It extends far into Canada, is seen at Sandusky City, Ohio, and

there forms the bottom of Lake Erie. Its color varies from a light grayish-blue

to a black, and is sometimes even a light gray or drab. It contains numerous

nodules of flint or hornstone, from which it derives its name. But few if any of

the layers afford a pure limestone. Its color varies from black to gray, brownish

and light blue. It is usually in regular courses from six to eighteen inches thick,

separated by layers of hornstone, and sometimes embracing flattened nodules of

the same. This rock is crossed by vertical joints in two directions, giving rise to

numerous copious springs of water. An upper division, called the Seneca limestone,

is now included in the Corniferous . In New Jersey and Pennsylvania it is a blue

and sometimes sparry limestone, including bands and nodules of chert. In Canada

and the Western States it is a straw-colored and light gray rock. In its general

eastern exposures it is generally bluish. Above the Corniferous are no general

limestone masses in the Eastern States, but partial deposits only, the most ex-

tensive of which is the Tully limestone, found only in Central New York. There is

an astonishing change from the top of the Corniferous limestone to the black

shales of Marcellus. Two formations more unlike cannot anywhere be found.

Both the Corniferous and Onondaga are included hi the Upper Helderberg lime-

stone of Pennsylvania, and on the Juniata they measure together only sixty feet.

Immediately upon the upper surface of the Corniferous limestone, lies the valuable

and extensive MABCELLUS IRON OEE. This consists of carbonate of iron, which

occurs ha a bed of pyritous clay, and near the outcrop is changed into limonite.

10. MIDDLE DEVONIAN.
10 a. Marcellus Shales are of a black color, usually dark brown when

altered. They greatly resemble the Utica slate in mineral character, and could

readily be mistaken for it. They extend in New York from the Hudson River to

Lake Erie. The lower part contains some impure black limestone, not in layers

or beds, but in interrupted flattened masses. The upper shales are not so highly

colored as the lower ones, and are disposed to separate, when long exposed, into

small, thin-edged fragments, the result of a peculiar accretionary structure. The

fragments often exhibit stains, in spots, from iron rust, and also minute crystals

of gypsum, the effect of the action of decomposed pyrites and limestone particles.

Some portions of the lower shales are black and friable from email carbonaceous

fucoids. Along the whole line of its outcrop it has been dug into in vain attempts

to find coal. Van U. 147. It has two joint planes, nearly at right angles to each

other, causing projecting corners of rock, with smooth nearly vertical surfaces.

These are sometimes seen in the upper members also of the Hamilton group, and

the septaria or flattened balls of black limestone also occur in the Genesee shales.

The lower part is very black, slaty and bituminous, and contains iron pyrites

in great profusion. In general character the lower part resembles the Utica slate

and is not distinguishable from the 10 c. Genesee slate, in its general aspect. "When

long exposed, the lower part weathers to a brownish or iron-rust color, partly

from the presence and decomposition of iron pyrites and partly from bituminous

matter. In some situations it retains its purely black color, and scarcely separates
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into thin laminae after long exposure. In many places this rock contains so much
bitumen as to give out flame when thrown upon a fire of hot coals. In Western
New York it is fifty feet thick, and farther east much thicker. H.

This important formation carries its broad black outcrops across many of the

Middle and Southern States, with comparatively little change, but in the South the

black shale is supposed to be Genesee. In the Juniata region of Pennsylvania
the Marcellus has been found to measure 875 feet thick, and is there divisible

into an upper, middle and lower member, the last consisting of black and brown

shales, the surface being stained with iron rust, &c., coated with bituminous

matter. In Perry County, Pennsylvania, small coal beds occur in this formation,

constituting the oldest known coal-measures, and significantly marking the great

change in the general condition of things which either followed or was introduced

by the deposit of the Oriskany sandstone. Lesley.

In speculating upon the origin of petroleum, some geologists have sought it

in a process of distillation from the black Marcellus and Genesee shales upward,
and of condensation in the oil-bearing gravels and fissures of the overlying
formations. Chemists, like T. Sterry Hunt, oppose this view on chemical grounds,
others oppose it from other considerations of apparently equal weight. It is a

curious fact, however, that at this horizon, and in the Upper Helderberg or

Corniferous, occur the petroleum deposits of Upper Canada, while the Pennsyl-
vania oil-deposits lie at successively higher and higher stages hi the series.

10 b. Hamilton, This group takes its name from the town of Hamilton, hi

Madison County, New York, which contains no other rock, and where the best

opportunity exists of examining the members of which it is composed, and where

its fossils are in great abundance. It includes all the masses between the upper
shales of Marcellus, and the Tully limestone, and is from 300 to 700 feet hi

thickness hi New York. It is important from its fine agricultural qualities, its

thickness and extent, commencing at the Hudson and extending to Lake Erie.

It consists of slate, shale and sandstone, with endless mixtures of these materials,

or, in other words, sandy shale and shaly sandstones, and 'is not very easily

described. There are three distinct mineral masses as to kinds, but not as to

arrangement. The first, in the order of the tenuity of particles, is rather a fine

grained shale, often fissile or slaty, its color some shade of blue, usually dark or

blackish. The second is a coarse shale, often mixed with carbonate of lime, its

color blue or dark gray when fresh, but becoming of an olive or brown color by

long exposure to the weather, the color being due to manganese. It has no tendency
whatever to separate into regular layers, but when a mass has been long exposed it

shows numerous curved divisions, the curves very short and irregular, giving it a

very peculiar appearance, which is unmistakable. The third kind, which is not so

common as the two first, is a well characterized sandstone, and is generally in the

upper part of the group, but more or less mixed with either of the two others. It

is often in layers, though rarely straight, and usually short, interrupted, sometimes

mixed with carbonate of lime. The colors of this kind are of more various

shades, olive, greenish and yellowish. One thin layer produces excellent flagstones,

but the group generally is deficient in building materials, the shale of the first kind

readily crumbling by exposure to the air
;

the two latter kinds alone furnishing

building stone. The best is where limestone forms the cement, and sand is hi the
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greatest abundance. So rare is the occurrence of regular layers in the group,
that their absence is a good negative character, and its brownish or yellowish

color, externally, or where weathered, a good positive one of the group generally.
This applies to the central, but not to the eastern part of the State of New York.
It abounds in fossils, and is admirably characterized by them, numerous species and
even genera commencing with the group, and ending with it. Van TL 150.

In the western part of the State of New York, instead of sandy shale and

shaly sandstone, and even tolerably pure sandstone, as in the east, the sand has

diminished and the clay increased. The group, as a whole, presents an immense

development of dull olive, bluish-gray calcareous shales, which, on weathering,
assume a light gray or ashen tint, some thin portions becoming brownish on

exposure. The formation thins out very much in going westward, and at Lake
Erie has only half the thickness found at Seneca Lake, and is so different that

doubt of the identity of the two might arise, if one judged by the appearance only.

The Hamilton is the New York lake formation, the following lakes being excavated

in it: Otsego, Cazenovia, Skaneateles, Otisco, Owasco, Cayuga, Seneca, Canandaigua,
and the north end of Hemlock Lake. The east end of Lake Erie is also cut out of

the Hamilton. The upper part of the Hamilton was called the Moscow shale,

from a place between Mt. Morris and Rochester, on the Genesee River.

In Pennsylvania the Hamilton shale has been measured on the Juniata, 635

feet thick. It has many hundreds of miles of outcrop, in repeated zig-zags, form-

ing, in combination with the Genesee and Portage above it, ranges of smooth,

cultivated hills, of an entirely characteristic shape, in long lines of ruffled slopes,

regularly indented with short and smooth ravines. This striking topographical

feature, maintains itself throughout the mountain-region into Virginia, and still

farther south. The abundance of shells, without limestone beds, in Pennsylvania,

furnishes a partial clue to the deposit of the (next succeeding) Tully limestone in

New York.

10 b. Tully Limestone. This is the dividing line, easy to find, between the

Hamilton and Genesee, being the upper part of the former, and it is important in

New York as the most southern mass of limestone in the State. It is only local,

and is an impure limestone, fine-grained, usually a dark or blackish blue, often

brownish. The usual thickness of the rock is about fourteen feet, and its greatest

thickness twenty feet. It makes a good but not a white lime. It receives its name

from the township of Tully, in Onondaga County, New York. This limestone

often shows an accretionary structure, and a roughed, notched appearance, where

its layers separate as in some of the layers of the water-lime. One of the lower

layers is thick, the bottom one being frequently five feet in thickness, and it is

owing to this circumstance, and to the softness of the shale beneath, that when-

ever a waterfall exists, the shale has been washed out to some depth, leaving a

chamber or cavern, of which the limestone forms the roof or ceiling. V. 169.

It is a marked geological horizon in Central New York, being the termination

of the Hamilton, and is succeeded by shales of a widely different character.

It is often thick-bedded, but it is often divided by numerous irregular seams into

small fragments. Its color, on first exposure, is blue or nearly black, but weathers

to an ashen hue. It is best seen on the Cayuga Southern R. R., where it stands out

in the face of the cliffs as a prominent band. It is absent west of Canandaigua

Lake and in the eastern part of the state. H. 212.
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10 c, Genesee, (Black yiate of the west and south). This is a great

development of argillaceous fissile black slate. Where its edges only are exposed,
it withstands the weather for a great length of time, and often presents mural

banks in the ravines, river-courses, and upon the shores of lakes. When the

surface of the strata is exposed it rapidly exfoliates in thin even laminae. On
disintegration it is often stained with iron, owing to decomposition of pyrites, but

in many instances, and the greater number of localities, it retains a deep black

color. In this it is distinguished from some beds of black slate in higher

situations, which always become stained with hydrate of iron on their edges,
and upon the surface of the laminae. In color and general character it greatly
resembles the Marcellus shale, and, aside from position, it would be difficult to

distinguish the two, in the absence of fossils. It forms no conspicuous feature in

the scenery or topography of the general surface. In ravines, and river and lake

banks, it is usually seen in connection with the rocks below or above. Its greatest

development, and a point where it appears more prominently alone, and the typical

locality from which it was named, is at the opening of the gorge of the Genesee,
at Mount Morris, where it is seen in the perpendicular cliffs for more than a mile

in length. See note No. 112, New York. Another great exposure of the

Genesee slate is along the Cayuga Southern Railway south of Ludlowville, where
it shows from eighty to one hundred feet thick, with the Tully limestone

below and the Portage shales above it. See note 83, New York. The mass

decomposes much less rapidly than the soft calcareous Hamilton or Moscow
shales below it, and the thin slaty laminae resist atmospheric action a long time.

In lithological character it is entirely uniform, having, from Cayuga Lake to Lake

Erie, the] same deep black color and laminated slaty structure, nor is there any
change in its organic remains. Its fossils in Indiana are precisely identical with
those of New York. Hall 218.

There are few formations in Central New York of which the limits are so well

denned as this, lying between the Tully limestone below, and the sandstone flags
of the base of the Portage group, above. It may also readily be found by the

black color and slaty fracture. This shale has been regarded as the main original
source of the petroleum in the oil region of Ohio and Western Pennsylvania, but

there is reason to believe that part, at least, of the supply of these regions has
come from the Corniferous limestone below it, as maintained by Dr. Hunt.

All through the western and southwestern states there is always found a
BLACK SHALE, which is often the only representative of the Devonian rocks.

This is generally considered to be 10 c. Genesee. It is very remarkable that a
formation of its composition, of so inconsiderable a thickness, and otherwise so

unimportant, should be so widely extended, and retain throughout its character

unchanged as a black shale. The researches of Dr. Newbery in Ohio tend to show
its fossils to be of theTortage type. It is there 350 feet thick, and he pronounces
it to be the equivalent of the Genesee and lower Portage. All the divisions of the
Hamilton group, Marcellus,"Hamilton and Genesee, are converted, by exposure,
into a deep soil of an excellent quality for agricultural purposes, sometimes quite

hilly, but forming smooth land free from stones. Some of the finest wheat-growing
and hop-raising land in New York is on the Hamilton, and its rich shales have
been carried south by drift and diluvial agencies, and spread over the Genesee,

Portage and Chemung, greatly to their improvement.
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11-12. UPPER DEVONIAN.

11 a. Portage. This group represents an extensive development of shales

and flagstones, and finally some thick-bedded sandstone towards its upper part.

It is extremely variable in character at different and distant points. In New York
the Portage rises sometimes in a gentle slope, and at other times abruptly from
the softer shales below. Between the deep north and south valleys, in which the

railroads run, the enduring sandstones of the upper part extend far northward,

presenting, on the north side, a gentle slope, while on the east and west sides of

the same hills, the slope is abrupt, the valleys being bounded by steep hills. The

change in the external appearance of the country indicates the commencement of
thesi Portage rocks, although they are not seen. Throughout the Hamilton shales,

the valleys present gently sloping sides, and the country rarely rises far above the

valley bottom. But on approaching the northern margin of the Portage group, the

railway traveler sees a gradually increasing elevation of the hills on either side, and

an abruptness hi their slope, and in a short time finds himself in a deep valley
bounded on either side by hills rising 400 or 500 feet, and in some instances, even

800 feet above the bed of the stream. These elevations often extend several miles

unbroken, except by the deep ravines which indent their sides. The higher sand-

stones of the group, and in many instances the intermediate ones, produce falls in

the streams which pass over them, and some of the most beautiful cascades in the

State of New York, and many of the highest perpendicular falls of water, are pro-
duced by the rocks of this group, and in none others do we meet with more grand
and striking scenery. J. Hall's Report.

The pedestrian often finds his course impeded by a gorge of several hundred

feet in depth, such as Watkins Glen and Havana Glen. The Portage upper, middle

and lower falls are 66, 110 and 96 feet, and between the middle and lower the

rocks rise in perpendicular cliffs 351 feet in height. See note No. 110, New York,
as to Portage on Erie Railroad. Taghanic, Hector, and Lodi falls are also in the

Portage. These points afford some of the grandest views of scenery, and

admirable facilities for geological investigations. The lower division of the

Portage is the 1. Ohasagua shales, a green shale, with thin flagstones, and sandy
shale. 2. The middle portion is the Gardeau shale and flagstones, a great

development of green and black slaty and sandy shales, with thin layers of

sandstone, from which are quarried beautiful and durable flagstones. The
rocks of this part of the group form high, almost perpendicular, banks on the

Genesee. In a westerly direction the sandstones disappear, and the shales increase.

8. The upper part of the Portage consists of the Portage sandstones, thick

bedded sandstones, with little shale, while below, the sandy layers become thinner,

and shale beds more frequent ;
still it must be acknowledged that there is no abrupt

change from the beginning of the Portage to the top of the Chemung. In the

Portage, the sandstones and shales are less separated than above, and the sandy
strata are finer grained, and contain more lime than in the Chemung. Towards the

southern extremity of Cayuga and Seneca Lakes, the Portage rocks form cliffs of

considerable height, which present alternating hard and soft layers, and the

numerous vertical joints present the appearance of solid walls of masonry, in

distinct and regular courses. The vertical joints are well seen in Havana Glen.

Isolated masses, like huge columns, are often seen, standing out in bold relief

from the line of the cliff, being the remains of previously exposed surfaces, which
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had crumbled away. On the Genesee River the group is not less than 1000 feet

thick. The Portage yields less lime to the soil than the Hamilton, but for

pasturage it is superior to it. H. 224. The great dairy-country of Cortland, and

other counties in Central New York, is on the Portage formation. The water of

the Portage group is remarkably pure and soft. The Portage rocks have not been

recognized in the eastern part of New York. In Ohio the Portage forms the upper

part of the Huron shale, and the lower part of the Erie shale, of Dr. Newberry.
In Middle Pennsylvania, according to Lesley, the Portage flags are 1,450 feet

thick, and the Chemung shales over them, 1,860 feet thick. It is very hard to draw
a line of demarcation between them, but, as a whole, the Chemung strata are

more silicious and the Portage more argillaceous. The Portage sandstones are

flaggy, and, at times, very shaly, and their alternations with shale frequent, the

individual beds being thin, and the shales predominant. The Chemung sandstones

are more massive, ferruginous and micaceous, with fewer alternations of shale.

Brachiopods and other shells are abundant in the upper Chemung shales, while the

Portage rocks are almost destitute of animal forms except crinoids and fucoids.

Fucoidal impressions are also very abundant in the upper Chemung, and to the

decomposition of this abundant marine vegetation, Lesquereux and others ascribe

the origin of the petroleum, at its various local horizons, from the Portage up to

the Mahoning sandstone in the Coal Measures.

11 b. Chemung. These rocks can everywhere be described as a series of

thin-bedded sandstones and flagstones, with intervening shales, and mixtures in

various proportions of these, and very rarely beds of impure limestone, resulting
from the aggregation of organic remains. The whole series weathers to a brownish

olive, and even the deeper green of the shales assumes that hue. The shales vary
in color from a deep black to olive and green, with every grade and mixture of

these. The sandstones are often brownish-gray or olive, and sometimes light gray.
More generally, however, there is a tinge of green or olive pervading these strata.

Towards the upper part of the group, in some localities, there is a tendency to

conglomerate, and in a few places the mass becomes a well defined pudding-stone,
with sometimes 150 to 200 feet of Chemung shales and sandstones above it.

Towards the upper part of the group the shales are reddish, coarse and fissile,

with much mica in small glimmering scales. Hall 251 . From their red color

these have sometimes been mistaken for the Catskill formation.

In a few localities in Pennsylvania it contains a very excellent variety of iron

ore. As a general thing, however, this formation, and all others above it, up to

near the coal conglomerate, are singularly deficient in iron ore. There is little of

geological interest throughout the whole extent of the Chemung group. The N.

Y. L. E. & W., or Erie Railway, runs for 300 miles west of Susquehanna on this

formation, and on nearly the same portion of it. In the northwestern portion of

Pennsylvania the celebrated OIL EEGION is in the Chemung, the oil being found

stored-up in certain coarse porous sandstones, but these are merely the repository

of the oil originating in lower strata. It is a very extensive formation in Southern

New York, all the southern tier of counties, west of Great Bend, being covered

by it, and it forms an excellent grazing and agricultural country, not quite equal

to the Portage, but much superior to the Catskill. In Northern Pennsylvania this

formation, as in Southern New York, consists of a vast succession of thin layers
of shale, of every hue, from a deep olive and dark green to a light slaty gray,

alternating with thin beds of brownish gray sandstones.
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In Pennsylvania, ninety feet of strata have been carefully studied and measured

on Sideling Hill, consisting of alternate beds of red and olive shales and sandstones

with Chemung fossils, ripple-marks and fucoids, and a bed of iron ore long known

by the name of the Larry's Creek ore, which outcrops everywhere along the face

of the Allegheny Mountain. In the gaps at Blairsville and Connellsville, hi

Southwestern Pennsylvania, Prof. Stevenson finds Chemung fossils in what have

always been called the Catskill rocks, on account of their being of a red color,

and other geologists have made the same observation in Northern Pennsylvania.
In Southern New York, adjacent to Pennsylvania, Professor Hall reports 150 feet

of red rocks, and then thin gray rocks above with Chemung fossils.

The Erie shale of Ohio is the equivalent of the 11 b. Chemung, and the upper

part of the 11 a. Portage. At Cleveland, it consists of green, gray and blue shales'

soft and fine, with sheets of micaceous, silvery sandstone, from half an inch to two

inches in thickness, and flattened masses of argillaceous iron ore. Newberry.
The formation also occurs in Kentucky, and Chemung fossils have been found in

Utah and Nevada by Clarence King and Arnold Hague.

12. Catskill. There is no observable line of demarcation between the

Chemung and Catskill. The first sign of change is a more solid or hard rock

appearing, often accompanied by red sandstone or red shale. The group consists

of light colored gray sandstone, usually hard
;

of fine-grained red sandstone, red

ghale or slate
;
of dark colored slate and shale, of grindstone-grit, and a peculiarly

accretionary and fragmentary mass, appearing like fragments of hard elate

cemented by limestone, similar to what is well known in England as cornstone.

The hard gray sandstone often presents a highly characteristic structure, the

layers, one or more inches thick, being disposed in oblique divisions, the divisions

usually overlapping each other. This peculiar angular arrangement presents

altogether a singular conformation, and forms a highly picturesque rock. V.

You can see this at Ralston, Pennsylvania.

The prevailing color of the sandstone is brick-red, though often it is lighter,

and sometimes of a deeper color, from a larger proportion of iron, while the

coarser parts are often gray, and the shales are green. Beds of green shaly

sandstone are interstratified with the red friable sandstone, and these are succeeded

by a compact kind of conglomerate rock. The formation expands, and augments
in thickness, in passing eastward, till it finally rises in the high and prominent

peaks of the Catskill Mountain, nearly 4,000 feet above the sea, from which the

formation derives its name. See note No. 9, of New York.

The formation extends from this locality southwestward into Pennsylvania,

where its outcrop, 3,000 feet thick, in combination with that of the Pocono

sandstone above it, 2,000 feet thick, forms a terraced mountain, which surrounds

each of the Anthracite coal fields ;
the red rocks of the Catskill making the terrace,

and the white rocks of the Pocono forming the crest. Piled upon one another in

inclined strata, they constitute the bulk of the Catskill Mountains in New
York, of the Pocono plateau in Pennsylvania, and the Allegheny, Savage and

Cumberland Mountains, far into Virginia and Tennessee.

On all the railroads approaching the anthracite coal regions of Pennsylvania
one passes over these Catskill rocks, often' for many miles. They contain no coal,

but fossil ferns are abundant in some localities. This is the last and upper forma-

tion of the Devonian period, and is the foundation on which rests the carboniferous
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system. On the Delaware division of the K Y. L. E. & W., or Erie Railway, is

an opportunity of seeing the red rocks of the Catskill formation for a number of

miles, and also on the N.Y. & O. Midland Railroad north of the Bloomingburgh
tunnel.

In Pennsylvania it is composed of a vast succession of thin-bedded red and

gray sandstones, with thin seams of red, green and mottled shales, also coarse and

fine sandstones of various hues of red, brown, gray and greenish ; together with red

and greenish coarse silicious conglomerate of white quartz pebbles, the whole being
thick bedded, and with an oblique laminated structure. It has not much of

interest, either to the scientific or practical inquirer. Its most interesting fossils

are fish-remains, which, in the Catskills, extend through 100 feet in thickness of

strata. It is the Old Red sandstone of England, lying under the coal. The

English New Red sandstone is over the coal, being the Permian, Jurassic and

Triassic formations, but these are not found directly over the coal in America.

The Catskill formation is a poor one for agricultural purposes. The fields are

stony, with many projecting ledges of red rocks. Its sandstones are too hard, and

too destitute of lime to produce a fertile soil, and the country covered by it is either

a wilderness, or very thinly populated.

13-15 CARBONIFEROUS AGE.

13 a. Lower Sub-Carboniferous. To a superficial observer, the remarkable

substitution of great sandstone and conglomerate deposits, under the coal-measures

in the east, for generally limestone deposits, under the coal-measures of the west,

must seem inexplicable. But the simple explanation is, that all the sub-carbon-

iferous sand-beds of Pennsylvania, formed near the old continent, thin away, and

gradually disappear, before they reach the Mississippi; while the five great sub-

carboniferous limestones of Illinois, Iowa, and Missouri, formed in a deep quiet

sea, on the contraiy, thin away, in going eastward, to 40 feet in Westmoreland

County, and 25 feet in Somerset County, Pennsylvania ;
and totally disappear

before reaching the Schuylkill and Lehigh Rivers. But the same limestone

deposits thicken southward to 600 and 1,000 feet in Virginia, and even more in

Tennessee.

In the Pennsylvania Anthracite country, the next formation above the Catskill

is a gray sandstone, called by Prof. H. D. Rodgers the Vespertine. In the second

geological survey, Prof. Lesley calls it the Pocono, from the name of the mountain

bounding Wyoming Valley, on the south side. The miners call it the second

conglomerate. It contains carboniferous fossils, but no coal of value. Invariably
the Vespertine is the outside mountain surrounding the coal-basins, the inside

one being the 14 a. Pottsville conglomerate, or Millstone grit, and they are

separated by 13 b. Mauch Chunk red shale, of Lesley, or Umbra], of Rogers, a

soft rock, which forms a valley; and all four, 12. Catskill or Ponent, 13 a.

Vespertine or Pocono, 13 b. Umbral or Mauch Chunk, and 14 a. Serai or Pottsville

conglomerate, are worthless for farming purposes.
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In Pennsylvania, the Vespertine is a white, gray and yellowish sandstone,

alternating with coarse silicious conglomerates, and dark-blue, olive and black

slates, and occasionally thin beds of coal. In Michigan, it is the Marshall group,
wjiich is mostly a somewhat friable rock, with a reddish, buffish, or olive color,

though in some regions becoming gray or bluish-gray. It forms the receptacle

into which the brine descends, and accumulates from the next over-lying Michigan
salt group, which is 13 b., and also sub-carboniferous. The Waverly group of

Ohio is proved, by its fossils, to be of this same age. Its sub-divisions are given
at the head of the chapter on Ohio. It produces the Berea grindstones and

Waverly sandstone, the finest building-stone in Ohio, if not in the United States.

In Tennessee there is a great development of the lower sub-carboniferous group,
the 13 a. Barren group, and 13 b. Coral, or St. Louis limestone, formerly called by
Prof. Safford the Silicious. Its upper part is the equivalent of the St. Louis lime-

stone of Missouri
;
the lower is a series of silico-calcareous rocks, characterized by

heavy layers of chert, one inch to two feet thick.

In Illinois the series of sub-carboniferous strata consists of the 1. Kinderhook

group, 2. Burlington group, 3. Keokuk group, 4. St. Louis group, the base of

which was formerly called the Warsaw limestone, and the 5. Chester group; all of

these are limestones and shale, with some sandstone in the first and last named.

These embrace both the lower and upper sub-carboniferous, and are 1,200 to 1,500

feet thick in the south-western part of Illinois, but thin-out in going north, and

entirely disappear before reaching Rock Island, where the coal-measures rest on

the Devonian limestone. In Iowa the four lower members occur, but the Chester,

the thickest member, is wanting, and it is almost entirely wanting in Missouri.

, In Pennsylvania a small coal-bed has been opened on the Susquehanna River,

in the Pocono sandstone
;
and in Huntingdon County more than a dozen small

layers of coal may be traced, running through the formation. In Montgomery
County, Virginia, two similar coal-beds attain a local importance, being on Tom's

Creek, respectively 4 and 8 feet thick. These represent the lower coal of East

Kentucky, Tennessee, and Alabama.

In Ohio the Subcarboniferous limestone extends through some of the south-

eastern counties. It is quite thin, and represents only the upper or Chester member
of the group. Two workable seams of coal the Jackson and Wallston coals

are found below it. Newberry.

13 b, Upper Sub-Carboniferous. In Pennsylvania this is the Umbral red

shale of Rogers, and the Mauch Chunk of Lesley, sometimes 3,000 feet thick, and

here consists almost entirely of very soft red shales and argillaceous red sand-

stone, without fossils. It gradually becomes in Virginia a triple mass of buff, green

and red shales below, a thick body of light-blue limestone, full of fossils, in the

middle, and the upper part blue, olive and red calcareous shales, with massive

strata of gray and brownish sandstone. It contains beds of iron ore, which are

sometimes very valuable. In the Western States the limestone is the principal

rock. It is the limestone of Greenbriar Valley in West Virginia. In Northern

Pennsylvania, gray and greenish shales, and gray argillaceous sandstones, are

introduced among the red shales, and farther west it consists of two or more strata

of soft red shales, separated by a thick body of gray, flaggy sandstone. It is

generally well marked in Pennsylvania as the softest of rocks, or simply dry red

mud, and is to be noticed by those in search of coal, none of which is ever

found in or below it. In Tennessee this formation is the mountain limestone,
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beneath the coal-measures. It is a heavy body of limestones and shale, the latter

almost one-fourth of the mass
;
and there is also a sandstone. See the above

description of 13 a. in Illinois.

In Middle Pennsylvania, around the Broad Top coal-basin, Prof. J. P. Lesley

says there appears, for the first time in this formation, going west, distinct traces

of the great mountain limestone formation, which underlies all the southern and

western coal-fields, and becomes one of the principal features of the geology of

the Rocky Mountains, as it is also of the geology of Europe. The red shale

formation is here seen, divided hi two 910 feet of it above, and 141 feet of it

below
;
a middle group of red and gray, mottled calcareous shales, and thin lime-

stone layers, full of fossil shells in all 49 feet thick separating the upper and

lower members of nearly pure red shale.

The narrow red shale valleys, which surround this Broad Top coal-basin, the

Cumberland basin in Maryland, and the three principal groups of anthracite basins

in Eastern Pennsylvania, are due to the thickness and softness of this important
formation. But while it is 3,000 feet thick at Pottsville, it is but 300 feet thick

along the Allegheny Mountain, and less than 100 feet thick around the coal-basins

of Tioga and Bradford counties
; and, therefore, instead of making valleys, only

marks the top of the mountain steep slopes with a narrow terrace, over which

dominates the vertical cliffs o the outcrop of the coal conglomerate.

14 a. Millstone Grit. This is a mass of white or yellow sandstone, containing

vast numbers of quartz pebbles, and forming a pudding-stone, or conglomerate.

It is called the Millstone Grit, from being used for the manufacture of millstones.

In Pennsylvania and Virginia the formation is 1,000 feet thick, but becomes

reduced to from 10 to 175 feet in Ohio. In Kentucky it is from 50 to 500, and in

Indiana from 50 to 100 feet. It is a very peculiar rock, and very wide spread,

extending out beyond the coal measures proper, of which it is the base and support.

There is not in the entire geological series, says Dr. Newberry, another stratum of

rock so widely distributed, and presenting as strongly marked lithological characters,

as this. The pebbles are generally of quartz, and well rounded. The sand, which

forms the paste, and holds together the pebbles of the conglomerate, is generally

coarse, and consists of rounded grains of quartz, which differ from the pebbles

only in size. In the anthracite region of Pennsylvania, conglomerate rocks some-

times occur between coal-beds, but in the other coal regions they are below all the

workable coal-beds. Any cases of thin beds of good coal being found in or below

the conglomerate, are exceptional and rare. It does not always maintain its

character as a conglomerate, being sometimes an ordinary sandstone. The great

lead mines of Joplin and Granby, in Missouri, are in a ferruginous sandstone, the

equivalent of the Millstone Grit, or the Chester group, and the Hot Springs of

Arkansas are in the Millstone Grit, greatly metamorphosed.

14 b. and c, Lower and Upper Coal Measures. The series of rock-strata,

among which the carboniferous coal-beds are found, are called the Coal Measures,

which produce all the best coal of America. They consist of repeated alternations

of exceedingly diversified rocks, of every degree of coarseness, from the smoothest

fire-clay to exceedingly rough, silicious conglomerates, including within those

extremes a wide variety of coal-shales, or mud-rocks, of almost every color and

texture marls, argillaceous sandstones and quartzose grits, also thin bands of

limestones, both pure and rnagnesian, and numerous seams of carbonate of iron.
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The numerous coal-beds themselves, which occur among this series of strata, the

most interesting and important of them all, are also found in America in all

their known varieties, from the most compact anthracite to the most fusible and

bituminous kinds of coal. There is no invariable order for the strata of coal

measures, but usually the bed of coal has a fire-clay bed below it, and shale

immediately over it. Extending our view over a considerable district, we find

these rocks are coarser and more massive towards the east or south-east
;

that

they become more fine-grained, and less sandy and earthy, and the limestones

increase in size and number as we proceed westward or north-westward; that many
of the strata become reduced in thickness, and some of them entirely disappear.

In Pennsylvania and Ohio the middle portion of the coal measures contains no

coal seams, and hence is called the Barren Measures, thus dividing the formation

into Upper and Lower Productive Coal Measures. The Lower Coal Measures

sometimes contain valuable beds of iron ore. Salt is produced from the Lower
Coal Measures in Western Pennsylvania, Virginia, Ohio, Indiana, Illinois, and

Kentucky.*

15, Permian. On the Kansas Pacific, and on the Missouri, Kansas & Texas

Railroads, several stations are given in Western Kansas, in the annexed Guide, as

being on the Permian formation, which is found in America only in this locality.

The Permian rocks, according to Dana, are limestones, sandstones, red, greenish,

and gray marlites or shales, gypsum beds and conglomerates, among which the

limestones, in some regions, predominate. In Kansas they consist, according to

Prof. Mudge, of calcareous and arenaceous shales and beds of limestone. The

latter are quite impure, but sometimes massive rnagnesian limestone, of a drab and

buff color, is found, which furnishes an excellent building material. Prof. Swallow

describes them as a series of limestones, marls, shales, sandstones, conglomerates,

and gypsums. The State capitol of Kansas, at Topeka, is built of Junction City

limestone of the Permian formation. It is also used at Manhattan, and the build-

ings at Fort Riley are also conspicuous specimens of Permian limestone. The

rocks here called Permian, are conformable to the coal-measures, and contain

many coal-measure fossils, with some not found below. Some geologists think

there is no good reason for separating them from the Carboniferous system, of

which they form the upper member. Strata of the same age occur in Indiana,

Texas, and Mexico, where they contain many new and interesting reptilian remains.

In most parts of the United States, however, the coal-measures are not overlaid by
these so-called Permian or Permo-Carboniferons beds, either because they were

never deposited, or have been removed by erosion. One of the remarkable facts

in American geology is the extremely small extent of the Permian and Jurassic

groups of formations in the eastern half of the continent. The Permian forms

part of the New Red Sandstone of England, lying over the coal. The name is

derived from Permia, a province in Russia.

* Havin"1 been for twenty-one years actively engaged in mining, transporting and selling coal,

the author's business led him to the study of geology, particularly in its economic bearings, and

he has given to the world all he knows about coal in another work entitled,
" THE COAL REGIONS

OP AMERICA THEIR TOPOGRAPHY, GEOLOGY, AND DEVELOPMENT," with a colored geological map
of Pennsylvania, a railroad map of all the coal regions, and numerous other maps and illustrations.

By James Macfarlane, Ph. D. One 8vo. volume of 700 pages. Price, in cloth, $5; in sheep, $6.

Published and for sale by D. Appletou & Co., New York.
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15-18. MESOZOIC.

16. Triassic. As the railroads from Philadelphia to New York, the greatest

lines of travel in this country, run on this formation, it is the most conspicuous
and well known in the State of New Jersey, and one in which geologists are now

taking great interest. Every observing person must have noticed it, and its aspect

and composition are so uniform and well marked, that a description of it here will

answer for the whole belt through the States of Pennsylvania, Maryland, Virginia,

and North Carolina, from the Hudson River to Deep River, in the latter State, and

in the Connecticut Valley.

The Triassic consists of dark reddish-brown sandstone, soft, crumbly brown

shales, and the upper beds are coarse conglomerates. The almost invariable

dip is towards the north-west, at angles ranging from 15 to 25. Prof. H. D.

Rogers thought this uniform dip was not caused by any uplifting agency, but that

the rocks were originally laid down in this manner. His theory is that the

formation owes its origin to an extensive ancient river, having its source at the

eastern base of the Blue Ridge, in North Carolina. Following the remnants of

the Triassic formation thence north-east, it gradually, from small beginnings,
becomes larger, and has throughout a descending course. At the James River, it

is four, at the Potomac six, at the Susquehanna twelve, and at the Delaware,

thirty miles wide the estuary being in the region of the Raritan and the Hudson.

In New Jersey, therefore, this river was at its maximum.

The uniform dip was supposed by Prof. H. D. Rogers to be the result of the

oblique or slanting mode in which the sediment has been laid down by a rapid and

steady current washing the material from the south-east side or shore of the river.

If it were due to an upheaval, this formation, measured in the usual way, would

show an unheard-of thickness. In fact, it is very thin, as is shown in the exposures

of limestone in the interior of the belt. All the appearances of the formation

indicate, and there is much to sustain his opinion, that it never was tilted.

But more recent study of this interesting formation, has proven two facts : (1)

that it was originally extensive, far beyond its present limits
; and, (2) that, in at

least its middle beds, the original deposits were horizontal, and have been since

upturned. The two great belts of Triassic, which cross from Virginia into North

Carolina, and one of them into South Carolina, not only have their rocks dipping

in opposite directions, showing a long and broad uplifted country between Raleigh

and Danville; but certain groups of coal-beds, which, though now dipping in

contrary directions, must of course have been originally horizontal. Traces of

coal-beds have been found in the Triassic of Pennsylvania, in York county, and at

Phoenixville. The intermediate country in North Carolina was, therefore, pre-

sumably once covered with the formation, and probably all Virginia, east of the

Blue Ridge, and all south-eastern Pennsylvania. The formation is seen passing

under the plastic clays of New Jersey, and may extend far under the bed of the

Atlantic, being thus connected with the beds of the Connecticut, and even those of

the Bay of Fundy. Lesley.
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Relics of vegetation are occasionally found in the Triassic, in the form of

highly compact and bituminous lignite, the longitudinal sections exhibiting the

fibrous structure of the wood, whence it was formed. This lignite, occurring
sometimes in seams of two or three inches in thickness, amid dark shales, has
been a fertile source of delusion, some persons having been induced by the hope
of finding valuable coal-mines, to waste much labor in the search. Although the

Richmond and North Carolina coals are Triassic, all the geological facts discoun-

tenance the notion that it contains coal in New Jersey and Pennsylvania, the

detached fragments of plants, which we meet with in the form of lignite, having
evidently been loosely drifted into these sediments from the land. Prof. Emmons
says there is nothing which can be regarded as equivalent to the coal measures of

the Chatham (N. C.) and Richmond (Va.) series in the northern beds. All this

formation was produced at a period subsequent to the great Carboniferous or coal-

bearing rocks. There are great numbers of fossil fish in the Trias of New Jersey
and Connecticut valleys, among them twenty species of ganoids; also the famous
bird-tracks of Dr. Hitchcock. See notes 7 and 8 on Massachusetts. Fossil plants
are numerous in the Trias of Virginia and North Carolina.

When a large portion of the pebbles are of limestone, in the Triassic con-

glomerate, and the cementing red earth which unites them, contains an adequate

quantity of the same material, the rock possesses the character of a marble, as on
the Potomac River. The Portland stone, or reddish-brown sandstone, so much
used for building purposes in New York and other eastern cities, is from the

Triassic formation.

Extensive mines for copper ore have been wrought in the Triassic, in the State

of New Jersey, the ore occurring in every case adjacent to igneous traps, but not

in contact with them. All these mining operations have failed, on account of the

ore being diffused or disseminated through the mass of the formation, and not

being found compacted in regular veins. In Europe, the upper part of the

Triassic is called Keuper, or copper.

Trap-Dikes. Numerous parallel ridges and dikes of Trap, some of them

many miles in length, and with the elevation of mountains 400 feet high, and

ridges of all sizes, traverse the Triassic. Indeed, nearly all the trap-dikes are

confined to this formation. The material which composes these rough, rocky

ridges, undoubtedly protruded in a state of fusion, slowly and gently through long
narrow fissures, produced by the gaping asunder of the rocks* and not by
enormous violent disruptions, like those of volcanoes, as the strata through which

they passed are very little disturbed, and the dip of the strata is very little

affected by them. These trap-dikes have burst through the red shale and sand-

stone, after they were deposited, overflowing, while in a melted and highly heated

condition, the adjacent beds, and greatly altering their texture, color and mineral

aspect. The finest of these trap-dikes is the Palisades, on the west side of the

Hudson River, above Jersey City, and extending north of that place. (See note 5,

in chapter on New York). The tunnels and deep railroad-cuts through it, hi Jersey

City, afford good opportunities to observe the appearance of the stone, the principal

constituents of which are hornblende, feldspar, and titaniferous oxide of iron.

The little mountain of iron ore at Cornwall, in Lebanon county, Pennsylvania, was
thrown up by a trap-dike of the Triassic.
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That the trap is not confined, however, to the Triassic rock surface, is beauti-

fully shown by the very numerous trap-dikes which cut the Highlands of Orange

county, N.Y., and of New Jersey ; by the long, straight, narrow dike which issues

from the South Mountain, opposite Carlisle, in Pennsylvania, and cuts across all

the formations, from the Potsdam up to the Subcarboniferous, at the mouth of the

Juniata, (see notes 9, 77 and 170, in chapter on Pennsylvania), and especially by
the still longer trap-dike recently discovered by Prof. Frazer, hi Lancaster county,
Pa.

,
which not only penetrates the Welsh hills of gneiss, but cuts across the west

end of the Chester county (Pa.) Valley, near the famous nickel mine, and reaches

the Susquehanna River near the roofing slates quarries at Peach Bottom. Lesley.

The Triassic formation yields the rock-salt and brine of the greater part of

Europe, especially in England, Ireland, France, and part of Germany.

17. Jurassic, The upper portion of what is commonly called the Triassic, on

the Atlantic border, may belong to the Jurassic, and is so described by Prof. P. R.

Uhler, in the annexed Guide for Maryland ;
and by Prof. W. B. Rogers, as Juro-

Triassic and Juro-Cretaceous, in Virginia. But there are beds which are

undoubtedly Jurassic in several of the eastern ridges of the Rocky Mountains, and

other districts of the far West. The rocks are, in general, a gray or whitish

marly or arenaceous limestone, with occasional pure compact limestone beds,

intercalated with laminated marls. The enormous Dinosauri, recently obtained

by Marsh and Cope from Colorado, are from the Jurassic. It is much less import-
ant here than in England, where it is subdivided into the Liassic, Oolytic and

Wealden. The name is derived from Mount Jura, in Switzerland.

18. Cretaceous, The Cretaceous formation, along the Atlantic Coast and the

lower Mississippi Valley, consists of a series of beds of strata, differing from each

other
;
but they are all earthy in form, consisting of beds of sand and sandy-clay,

except at a few points, where the strata have been cemented by oxide of iron into a

kind of sandstone, or conglomerate. In Texas it contains extensive beds of gypsum.
In New Jersey it produces the lower two beds of green-sand, called marl, which is

extensively used in agriculture, the value of which is due to the potash and phos-

phates which it contains. Ninety per cent, of it is a green silicate of iron and

potash, the rest being ordinary sand, and it contains no lime. But in Wyoming,
Utah, and Colorado, the Cretaceous attains a thickness of 9,000 feet, and its rocks

comprise beds of sand, marlite, clay, loosely aggregated shell-limestone, or rotten

limestone, and compact limestone. At the middle of the Cretaceous, lie the beds

of plastic-clay, outcropping across New Jersey, from Trenton to Amboy, and of

great importance to the fire-brick and pottery factories, as described in the Report
of Prof. Cook, of New Jersey, for 1876.

The name Cretaceous is from the Latin word for chalk, the chalk of England
and Europe, being one of the rocks of this period ;

but in this country it contains

no chalk, except in Western Kansas, 322 miles west of Kansas City, where a large

bed exists. It is within one mile of Trego station on the Kansas Pacific Railroad,

and is found over a tract 125 by 30 miles.

The Cretaceous formation, in the far West, passes upwards into a coal-bearing

formation, several thousand feet thick, and covering on the upper Missouri River

not less than 100,000 square miles in the United States, besides the portion of the

belt extending into the British possessions. The area of other lignitic basin:-;

farther south, cannot be estimated, their width being unknown. Dr. Hayclen
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regards this coal-formation as transitional, or Lower Eocene 19. Tertiary, and in

the within Guide for Colorado it is called the Lignitic Group, lying between the

Cretaceous and Tertiary. Mr. Lesquereux is of the same opinion as to its Tertiary

age, but nearly all other geologists regard it as Cretaceous.

In the annexed Guide for Wyoming and Utah, the formation is given at points
where the coal is mined Carbon, Separation, Black Buttes, Point of Rocks, Rock
Springs, and Evanston. All the coal now mined in Wyoming is, according to the

Guide, in the 18 d. Laramie Cretaceous, which corresponds with Hayden's Lignitic
beds. Every division of the Cretaceous is said to be lignitic or coal-bearing, and

may some day produce good coal. The Evanston beds are in the Laramie, but the

Coalsville beds are probably in the 18 b. Colorado Cretaceous. The Rock Creek
coal may be 18 c. Fox Hill. A. Hague. There is no Carboniferous coal in the far

west. The difference of opinion as to the age of the Lignitic or coal-bearing group,
arises from the fact of its lying at the transition point from the Cretaceous to the

Tertiary, where, as is not unusual, the fossils of both are mingled ;
and the con-

troversy is as to precisely where the Cretaceous ends, and the Tertiary begins.

19-20. CENOZOIC.

19. Tertiary. The Tertiary formation of the Atlantic coast is wholly of an

earthy character, without solid rocks, consisting of sands and sandy blue clays, and

above these yellow and brown ferruginous sand
;
also clays and sands imbedding

extensive layers of uncemented fossil shells. But as we trace them south and

southwest through the Southern cotton-growing states, it becomes more calcareous,

consisting of lead-colored sandy clays, and whitish and bluish friable limestone in

North and South Carolina and Eastern Georgia. West of that, the upper member
consists of two limestone strata, the middle of sand and sandy marl, and the lower

part of limestone and marl. H. D. Rogers suggests that on the Atlantic slope,

opposite the Appalachian Mountains, the older rocks furnished only sandy and

clayey sediments, and the Tertiary deposits composed of the ruins of the former,
are of that character

;
while farther west a wide expanse of limestones fills the

upper valley of the Mississippi, and hence the Tertiary deposits bordering the

Gulf of Mexico, and extending up the Mississippi River, are of a greatly more
calcareous or lime-bearing character. The cotton-growing lands of the Southern

States are chiefly Tertiary. In the central part of the continent, the Tertiary beds

are lake sediments, or fresh-water deposits ;
while on the west coast they are marine.

The Tertiary, in the southern part of New Jersey, furnishes great quantities of bog
iron-ore, but bog iron-ore is not peculiar to the Tertiary formation. The upper bed

of the green-sand of New Jersey is Tertiary. In the far-west the Tertiary strata

are in a greatly more indurated or rocky condition than those of the eastern coast.

The 19 a. Eocene consists of beds of clay and sand, with round ferruginous con-

cretions and numerous seams and local deposits of lignite, according to Mr. Les-

quereux. Also gray and ash-colored sandstone, with more or less argillaceous

layers. The 19 b. Miocene consists of white and light drab clays, with some beds

of sandstone and local layers of limestone. The 19 c. Pliocene is composed of fine,

loose sand, with some layers of limestone, and contains fossil bones of animals,
which are scarcely distinguishable from living species.



DESCRIPTIONS OF THE FORMATIONS. 45

20i Quaternary. In no part of the United States are the phenomena of

the drift displayed on a grander scale than in the Lake Superior region and on the

northern borders of Wisconsin. These drift materials consist of vast accumulations

of sand, pebbles and boulders, belonging invariably to rocks lying north or north-

west of their present position, with beds of clay of great thickness, evidently

brought from a great distance from the north by causes quite different from any
now in operation, and which nearly all geologists now believe to have been

glaciers. This material is spread over the whole breadth of the North American con-

tinent, down to 38 or 40 of latitude, with long tails projecting farther south along
the valleys, and it is also spread in the same way over the northern part of Europe.

Minnesota and Dakota are very deeply buried in drift. At the south side of

Lake Superior the drift is frequently 200 to 300 feet deep, and at the west end

of that lake, from 300 to 600 feet thick, and it is 220 feet deep at Fargo,
Minnesota. The whole of the lower peninsula of Michigan is covered from

200 to 300 feet deep. To the southward the drift diminishes, and it becomes

more evenly spread over the country. It is a singular fact that in the Galena

lead region, at the corner of Illinois, Iowa and Wisconsin, bounded by the

Mississippi, Wisconsin and Rock Rivers, and in a considerable extent of territory

north of it, no trace of transported drift material can be found. The driftless

region is 12,000 square miles in Wisconsin alone, or one-fourth the area of the

state. Prof. N. H. Winchell explains its removal by the action of glacial rivers
;

but Professors Chamberlin and Irving produce much evidence to show that this

district never was covered with drift, the glacier terminating northeast of it in the

moraine called the Kettle Range, so named from the great number of kettle-shaped

depressions it contains on its surface. No other state has so complete a series of

these deposits as Ohio, although not in so heavy a body as at places farther north,

and it has been well studied and described by Dr. Newberry. He has classified

the drift deposits as follows, in the ascending order : 1 The Erie clay, a blue or

gray unstratified boulder clay, so conspicuous in the North-west, and in which the

tunnels at Chicago are dug. 2 The forest-bed, consisting of a bed of soil, with

timber, the remains of an ancient forest, found in Ohio, Indiana, etc., at various

depths from the present surface. 3 Lacustrine deposits, stratified sands and

clays in Northern Ohio
; yellow clay, abounding with gravel, in Southern Ohio.

The Loess or Bluff formation of the West, Dr. Newberry thinks is simply the silt

brought down by the Missouri River, and deposited in a lake or great inland sea.

Nearly every recently uncovered ledge of rock iu the drift-covered region has

its surface marked with the characteristic striae and furrows. These scratched,

polished and grooved surfaces prove the former existence, according to Agassiz's

theory, of an ice sheet, many thousand feet in thickness, moving across the

continent over open level plains, as well as along enclosed valleys. When softer

and harder rocks alternate, they are planed off to one outline or level, as if a

rigid rasp had moved over the land levelling all before it. On the contrary, on

any surface where water flows we find the softer materials have yielded first and

been worn out, while hard rocks will be left standing out, and show greater

resistance. Glacial surfaces are highly polished, and are marked with scratches,

grooves and deeper furrows. Sometimes the smooth surfaces are like polished

marble, showing that the grinding material was held steadily down in firm,

permanent contact with the rocky surface against which it moved, as is the case

with the glacier. There are many deep ancient channels filled by the drift.
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The usual characteristic marks of glaciers extend, according to Agassiz, over

the whole surface of the east half of the continent, from the Atlantic shores to the

states west of the Mississippi, and from the Arctic Sea to the latitude of the Ohio,
about the 40th degree of north latitude. The glacier marks tend from north to

south, with occasional slight inclinations to the east or west, according to the

minor irregularities of the surface. The ice of the great glacial period in America

is supposed to have moved over the continent as one continuous sheet, over-riding

nearly all the inequalities of the surface. The drift spread in one vast sheet over

the whole land, consisting of an indiscriminate medley of clay, sand, gravels,

pebbles, boulders of all dimensions, so uniformly mixed together that in all parts

of the country it presents hardly any difference. The total absence of stratification

is one important characteristic of glacial drift. There is no arrangement of the

materials according to size or weight, whereas in water the lighter materials are

carried farther than the heavier ones, and the heavier ones are at the bottom and

the lighter on top. In glacial drift there are large angular fragments by which it

may be distinguished from alluvium, and it retains the mud gathered during the

journey, and spread through its mass, while the water-worn deposits are washed

clean, and consist always of well-rounded pebbles, and there are no scratches on

the exposed surfaces of the solid rocks.

There appeared in 1878 a map of New Jersey, on which the ice -covered area

of that state is laid down, with a description of the terminal moraine, extending
from below Belvidere, on the Delaware, first east and then south and southeast to

South Amboy, across Staten Island and through the middle length of Long
Island. Prof. Hitchcock has traced it thence eastwardly to Massachusetts Bay.
Ice covered the highest peaks of the northern mountains of New Jersey, as it did

all the mountain crests of Eastern Pennsylvania, to within ten or fifteen miles of

Harrisburgh. The southern limit of the moraine has been fixed, by Mr. Carll, at

Titusville, in Venango County, and by Prof. White, at Newcastle and Beaver

Falls, in Beaver County. There blocks of granite from Canada lie perched on

hill-tops of Coal Measures 1,300 feet above tide level.

Much of the configuration of the country has been attributed to the action of

glaciers, but Professor J. P. Lesley has advanced the theory that most of the

topographical features of the Atlantic half of the United States, including the

erosion of Lakes Champlain and Ontario, and Georgian and Green Bays, the Blue-

grass country of Kentucky, the central basin of Tennessee, the great valley of

Eastern Tennessee, Virginia, Pennsylvania and New Jersey, the Taconic valleys

of Western New England, and the rich valleys of the interior parts of the

Appalachian Mountain belt, have been due, as he thinks, to the underground
dissolution of the Lower Silurian limestone formations, and to the consequent

breaking down of the Paleozoic roof above the caverns thus excavated ; the

process, however, beginning with the limestones of the carboniferous and sub-

carboniferous age, being continued by the second subterranean erosion of the

Upper and Lower Helderberg limestones, causing Lakes Erie, Huron and Michigan,
the smaller New York lakes,* and the "Poor Valleys" of the Middle and Southern

Atlantic States, and ending with the subterranean erosion of the Trenton and

Calciferous formations, which, he says, is, in fact, seen to be still going on.

One of the most notable features of the Western States is the PRAIRIES, which
are vast natural meadows, sometimes hundreds of miles in extent, bare of trees

*These and other features of Central New York, may have originated from the solution of large
beds of rock-salt in the underlying Salina formation, and the consequent subsidence of the strata.



DESCRIPTIONS OF THE FORMATIONS. 47

and covered with grass, growing on a deep, rich, comminuted soil of unsurpassed

fertility, and with scarcely any exposures of the underlying rock.

The Bluff formation along the Missouri and Mississippi rivers is a very

peculiar and interesting one, resting upon and later than the drift. It is of a

slightly yellowish ash-color, very fine, not sandy, and yet not adhesive. It makes
an excellent soil, is easily excavated by the spade alone, and yet it remains so

unchanged by the atmosphere and frost, that wells dug in it require to be walled only
to a point above the water-line, while the remainder stands so securely without

support that the spade-marks remain upon it for many years. Road embankments

and excavations upon the sides of roads stand like a wall. The peculiar outline

of the bluffs along the Missouri river valley is very interesting. They are often

naked, entirely destitute of trees, and tower up from the river bottom-land, some-

times more than two hundred feet in height, and so steep, in some places, that a

man cannot climb them, yet they are not supported by a framework of rocks,

as other bluffs are, and not a rock or pebble of any size exists in them, except a

few calcareous concretions where lime-water percolates through them. It is a

lacustrine deposit, a shallow lake having, after the time of the Glacial epoch,

occupied the whole of the basin of the Mississippi before the great rivers had

cut their valleys down to their present depths. White. In Louisiana the Bluff

deposit contains three distinct groups of strata, the Port Hudson below, the

Loess next and the yellow loam above, over this is the alluvium, and below them

all, the drift. F. V. Hopkins.

Earthy material brought together by the ordinary action of water is said to be

alluvia], and the soil or land so formed is called alluvium or alluvion. Diluvium

implies the extraordinary action of water. When the drift material covers the

surface, of course it forms the soil, but in driftless regions the soil is an admixture

of clay, sand, lime, etc., derived from the disintegration of the rocks beneath,

with decomposed animal and vegetable substances. Where neither glacial nor

alluvial action has taken place as in some parts of our Southern States the

rocks as described by Dr. T. S. Hunt, are converted into a deep and strong soil,

having undergone a process of decay which has rendered them so soft, sometimes

to a depth of twenty feet or more, that they may be readily cut by a spade,

although retaining all the veins and layers which mark their original stratification.

Without having been broken or ground up, even the hardest rocks have quietly

mouldered into a soft, clayey mass, which, from its peculiar structure, has a

natural drainage and possesses, moreover, great fertility.

The most important of geological formations is the last of all, the soiL On
this thin, superficial, earthy covering of our planet, depends the growth of all

vegetation, and on that depends all terrestrial animal life. But whether the

material forming the soil remains unmoved in the same spot where it was once a

solid rock, or is transported bodily by a glacier, or carried from the hills into the

valleys by running water, and moved from place to place by larger streams and

rivers, it was originally derived from the rock formations, therefore the agricul-

tural as well as the mineral resources of the country depends on its geology.

This completes, in brief, the description of all that can be seen of the earth,

classified in geological order, from the oldest of the rocks, up to the sands which

are now daily washed to our feet, by the currents of the rivers and the waves of

the sea.
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REMARKS ON THE FOREGOING DESCRIPTIONS.

Paleontologists will be disappointed in this introduction, from which that is

omitted which seems to them the most important, and gives the most interest and

significance to the subject, namely: the life which they find in the formations,
and which serves so important a purpose in their identification and classification.

But another book would have been required for that purpose, and it would have
been useless without a large number of expensive engravings.* Paleontology is

the province of all the text-books on geology, to which this work is a supplement,
not a substitute. Its only object is to teach local geology. The descriptions were
an after-thought, and they should be regarded as an attempt to present to the

unlearned a first-lesson in geology, in the vernacular tongue, in the hope that it

may help on the cause of popular science. They have swollen much beyond the

original design, which was definitions, rather than descriptions ; but they will

serve to show that paleontology is not the whole of geology, and that the

formations are more than a mere cabinet of fossils.

There are some things in the descriptions that are not accepted by all

geologists. But the scope of the work did not permit any account of the con-

flicting opinions on disputed points, or discussions of the history of geological

nomenclature and classification. Whether the Oriskany sandstone should be placed
at the base of the Devonian, or at the top of the Silurian

;
whether Hudson

River, Loraine, Nashville, or Cincinnati, is the best name for that formation
;
and

whether Cambrian should include one, or all, or none of the Lower Silurian

formations, and similar questions, seem of less importance to the ordinary reader,

for whom the descriptions are intended, than to the professional geologist.

All kinds of geological tables are given, for, in accepting the valuable con-

tributions of others on local geology, it was necessary to let them have their own

way, in the chapters on their own States, in regard to the names and the arrange-

ment of the formations. A common number, attached to them throughout the

book, serves to identify the formations by whatever name they are called.

The valuable part of the book is the Geological Railway Guide, the design or

plan of which is original with the author, as it is believed nothing of the kind

has ever appeared, in any language. It is the work of many hands, and the hearty

thanks of every lover of the science are due to all those who have contributed to

its pages portions of the multitude of facts, forming this index to the geology of

all important places in the United States and Canada. The reader will never know
the amount of time, patience, labor, and care that it has cost.

* See " THE ANCIENT LIFE HISTORY OF THE EARTH," a comprehensive outline of the princi-

ples and leading facts of Paleontological Science. By H. A. Nicholson. Published by D. Appleton
& Co., New York. 8vo., 407 pp. $2.00. A very convenient and excellent manual of Paleontology
only.
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ARRANGEMENT OF THE GEOLOGICAL RAILWAY GUIDE

AND DIRECTIONS FOR USING IT.

1. The railroads are arranged by states, and the states and territories are

arranged in geographical order, with reference to the great lines of travel. But
to find a railroad, the reader must depend on the index. Branches are placed after

the main line, which is generally first given throughout without interruption.

2. When stations are omitted for the sake of brevity, which is seldom the

case, the lists being uncommonly full, their geology will be understood to be the

same as that given at the stations between which they occur. If the geology of

two adjacent stations is different, it is evident enough that there is a transition

from one to the other formation, between the stations, but the change is often so

gradual that the transition point cannot be precisely given.

3. A few feet of difference in level sometimes carries the railway track

to an upper or lower formation. Railroads, too, sometimes run across narrow,

projecting tails, and scalloped points of a higher or lower formation, than that

given in the Guide, but which it would occupy too much space to specify. Where
too, the strata are disturbed and broken-up, all the formations cannot well be

specified for want of room. In such cases the Guide serves only to show nearly
where you are, the prevalent formation being given.

4. The hills, bluffs and higher ground in view, are often of a different

formation from that given on the railroad, but not always higher in the series.

Their elevation is often due to the hardness of the strata, the softer rocks forming
the valleys, in which railways generally run.

5. Keep in mind the succession of the formations, as shown on the Guide,
and whether you are going from older and lower to younger or higher strata, or

vice versa. Notice the changes in the scenery with the changes in the formations.

C. When you come to a new formation, refer to the description of it, in the

beginning of the book. But it is difficult to get a clear idea of the formations

from even the best description. The reader must see them for himself, and these

descriptions are intended to assist him in identifying them, and to impress their

character and appearance upon his mind, or to recall them to his recollection after

having seen them.

7. By a little close observation of the formations in traveling, you will find

that most of them have peculiarities of their own, by which you can always
know them, but which, like the features or appearances of persons, cannot be put
into words, so that another who has not seen them could also recognize them. The
form of the summits and slopes of the hills, and the general aspect of the country,
but especially the rock-cuts on the railways, and other exposures of the forma-

tions, in quarries, and in the banks and beds of streams, should be closely
observed

;
and if these are not visible, notice the stone used in buildings, and for

the enclosures of fields, the character of the soil, and the fragments of stone mixed

through its mass, which betray the nature of the solid rock formation beneath ;

observe also whether the rocks lie horizontally or in an inclined position.
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Prof. J. D. Dana's Table of the Geological Formations (1878).

Systems
or Ages.
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Table of the Geological Formations,

ARRANGED FOR THIS WORK BY PROF. T. STERRY HUNT, LL. D., F. R. S.

AGES.
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The Dominion of Canada. 1

List of the Geological Formations of Canada:

16. Triassic,

14. Coal Measures.
13 b. Mississippi, Carb. I. s.

13 a- Bonaventure,orWaverley
12. Catskill, (Old Red Sandstone.)
1 1 b. Chemung and Portage.
10 b. Hamilton, inc. Mar. & Cen.
9 c. Corniferous, or Up. Held.
8. Oriskany.
7. Lower Helderberg.
6. Salina, or Onondaga.
5 d. Guelph.
5 c. Niagara.
5 b. Clinton.
5 a. Medina and Oneida.

4 c. Loraine.
4 b. Utica.

4 a. Trenton.
3 c. Chazy.
3 b. Levis.
3 a. Calciferous
2 d. Potsdam.
2 c. Sillery.
2 b. Acadian.
2 a. Lower Taconic.
1 d. Montalban.
1 c. Norian or Labrador.
1 b. Huronian.
1 a. Laurentian.

4. Upper Cambrian
or Siluro-Cam-

brian.

3. Middle Cambrian.

2. Lower Cam-
brian.

,
I 1. Eozoic
i. or

Crystalline.

Ms.
|

1 The Grand Trunk Railway.
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Grand Trunk Railway.
Ms.

| (Montreal to Toronto and Detroit Con.)"
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Ms.
|

Canada Southern Railway Con.
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Ms. 6 Intercolonial Railway.
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Maine, New Hampshire, Vermont, Massachusetts, Rhode
Island and Connecticut. 1

Table of the Geological Formations of the New England States.

Cenozoic.
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Maine.

Ms.
|

Maine Central Railroad.
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New Hampshire.
3

Ms.
|

Grand Trunk Railway.



NEW HAMPSHIRE AND VERMONT. 59

Ms.
|

Cheshire Railroad.
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Ms.

~46
52

69
69

74

79
85

89
93

99

109

113
120
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Massachusetts.

Ms.
|

Eastern Railroad.
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Old Colony Railroad Continued.

Ms.
|

Division.
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JMs. 1 Providence and Worcester R. R.
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Fitchburg, Troy & Boston R. ft. Continued.



CONNECTICUT.

Connecticut,

Ms.

10

15

19

23

27
35

42
48
57
65

73
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Ms.
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New York. 1

BY JAMES MACFARLANE. S

GEOLOGICAL FORMATIONS OF THE STATE OF NEW YORK,

FORMATIONS AND SUB-DIVISIONS.

20. Quaternary.

i16. Triassic.

1 2. Catskiil.

I 1 b. Chemung.
3. Portage s. s.

I 1 a. Portage, -! 2. Gardeau shales.
1. Chasaqua shales.

10 c. Genesee.
3. Tully limestone.

1 b. Hamilton, -j
2. Moscow shales.

1. Hamilt'n shales.
1 a. Marcel I us.

9 c. U. Helderberg,

9 a. Cauda Galli.

f 4. Seneca I. s.

^Corni^,.,
1. Schoharie.

FORMATIONS AND SUB-DIVISIONS.

8. Oriskany.
7. Lower Helderberg.*

^6. Waterlime.
.16. Salina or Onondaga Salt group.
5 !5 c. Niagara.

5 b. Clinton.
2< Med ' na sandstonei5a Medina5 a. Medina,

* Consisting in the ascending order of : 1, the

Tentaculitc limestone ; 2, Pentamerus limestone;

3, Delthyris shaly limestone; 4, Encrinal lime-

stone; and 5, Upper Pentamems limestone.

,. Oneida Conglom.

4c.

4 a.

3c.
3 b.

3 a.

2 b.

T3, Lor.sha.

Hudson River, %|
[4 b. Utica.

(
3. Trenton I. s.

Trenton,-]
2. Blk. River Us.

(
1. Birdseye I. s.

Chazy. )
Quebec. > Middle Cambrian.

Calciferous.)
Potsdam. Lower Cambrian.

t^il d. Montalban.

rgjl
c. Norian.

;1 a. Laurentian.

t^g^The right hand marginal figures in the column of formations denote the elevations of the
railroad stations in feet above tide water.

1. The State of New York is to the geologist what the Holy Land is to the Christian, and the
works of her Palaeontologist are the Old Testament Scriptures of the science. It is a Laurentian,
Cambrian, Silurian and Devonian State, containing all the groups and all the formations of these

long ages, beautifully developed in belts running nearly across the State in an east and west direc-

tion, lying undisturbed as originally laid down. Railroads running north and south pass over a num-
ber of the formations in short distances, while those running east and west run for long distances on
the same formation, as for example the N. Y. C. & H. R. R. on the 6. Saliua, and the Erie Railway
on the 11 b. Chemung. In the eastern part of the State the formations are more irregularly

disposed. New York localities are those to which we must always go back as the standard by
which any disputed formation of these ages is to be tested.

2. The author has bestowed more of his own labor and research on the local geology of this

State, than on any other, having besides diligent study of all the official reports, made personal
observations of the exposures of the formations in traveling for many years on all the railroads. It

was from making geological notes on the margin of railroad time tables that he conceived the idea
of this geological railway guide book for the State, and by calling in the aid of scientific gentlemen
of other States, he has been enabled to extend it over the whole United States and Canada. To
Prof. James Hall, of Albany, the State Geologist, he is indebted for much information and im-

portant corrections in the table of formations and as to some of the localities in this State.

3. N. Y.C. &. H.R. R. R. GRADES CAUSED KY GEOLOGICAL STRUCTUKE. This railroad xindoubt-

edly occupies the finest locality for an east and west railroad in the United States. From New
York to Albany the road is level, tide waier extending to Troy, the Hudson River being in fact

an estuary. From Albany to Schenectady there is an ascent of 200 feet, Little Falls is 368,
Rome 439 feet, and Batavia (the highest station) 887 feet above tide. It has no heavy grades on its

main line except at Albany and in the trough of the Genesee at Rochester. It owes its advantages
to geological structure, the outcrop of the formations running east and west, and the Salina or

Onondaga, Utica and Hudson River soft shales are cut into low valleys through which the railroad
and Erie Canal are built. If the formations had run north and south, as they do in Pennsylvania,
Maryland, &c., and been turned up edgewise, the hard sandstones would have been high ridges and
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New York Central and Hudson River Rail-
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IVew York Central <fe Hudson River Rail-
1

]\ew York Central fe Hudson River Rail.
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New York Central & Hudson River Rail-
Ms.

|
road Continued.
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]\"ew York Central & Hudson River Rail-
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New York Central fc Hudson River Rail-
road Continued.

Ms.
|

Direct Road.
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JVew York Central & Hudson River Rail-
road Continued.

Ms.
| Canandaigua and Tonawanda Division.
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Delaware & Hudson Canal Co.'s Railroads.

Ms.
| Albany and Susquehanna Eailroad.
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Belawai-e and Hudson Canal Company's
Railroads.

Ms.
| Saratoga and Champlain Division Cant.
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Central Vermont Railroad.



NEW YORK. 77
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Delaware, Lackawanna and Western
Ms.

|

Railroad.
Delaware, Lackawanna and Western

Railroad Continued.

Binghamton.
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Ms.
| Geneva, Ithaca and Sayre Railroad.
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Ms.
| Syracuse, Geneva& Corning Railroad.



NEW YORK. 81

Ms.
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New York & Oswego Midland Railroad-
Ms. I Continued.
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Ms.
|

New York, Lake Erie & Western Con.
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:,Is.
|

Middletown and Crawford Railroad.
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Branches of IV. Y. L. E. & W. Continued.
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Ms.
|

New York & Harlem R.B. 1 1 6, 1 1 7, 1 1
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Ms.

8

10

16
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New Jersey.
1

List of the Geological Formations on the New Jersey Railroads.

20, Quaternary, or Recent.
19. tertiary (Southern New Jersey.)
18. Cretaceous. g. Upper Marl. 3

f. Yellow Sand.
e. Middle Marl. 3

d. Red Sand,
c. Lower Mart. 2

b. Clay Marls,
a. Plastic Clays.

16. Triassic, or New Red Sandstone.
5 a. Medina s.s. and OneidaConglom.
4c. Cincinnati, or Hudson River.
4 a. Trenton Limestone.
2 b. Potsdam (Green Pond Mt.)
1 b. Huronian (at Trenton.)
1 a. Laurentian. Gneiss, Crystalline

Limestone, &c.

(The Highland Range.)
2 Producing the green sand marl used in agriculture.

1 Pennsylvania Railroad.

Ms.
| (United Railways of New Jersey.)
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Ms. 1
Belvidere Division Continued.
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Ms. IVew Jersey Southern Continued.
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Ms.
|

16 Main Line Continued.
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Pennsylvania,

BY PROFESSOR J. P. LESLEY, THE STATE GEOLOGIST.

List of the Geological Formations of Pennsylvania.

Prof. Dana's Table of the Formations.
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Pennsylvania.

Pennsylvania Railroad.

Ms.
|

New York Division.
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Pennsylvania Railroad.
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Pennsylvania Railroad.
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Pennsylvania Railroad Continued.

Ms.
|

Frederick Division.
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Pennsylvania Railroad Continued.

Ms.
|

Southwest Pennsylvania Branch.
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Delaware, Lackawanna <& Western Cont.
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Lehigh Valley Railroad.

Ms.
| (Pa. & N. Y. R. R.) Continued.
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Ms.
| Philadelphia and Reading R.R Con.
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MB.
|
Philadelphia and Beading B.B. Con.

Lancaster and Quarryville Branch.



104 AN AMERICAN GEOLOGICAL RAILWAY GUIDE. (PA.)

Ms.
|

Korth Pennsylvania Railroad.
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Dunkirk, Allegheny \ alley & Pittsburg R.R.
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Ms.
| Allegheny Valley Railroad Continned.
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Baltimore and Ohio Railroad.
Ms.

| Pittsburg Division.
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Ms.
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Ohio.*

GEOLOGICAL FORMATIONS FOUND IN OHIO,
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Ohio/

Ashtabula, Youngstown and Pittsburg Rail-

Ms. ! road.

Atlantic & Great Western R. R. Continued.

Ms.
| Mahoning Division.



OHIO. 11'jS

Ms.
[ Cincinnati, Hamilton and Dayton R. R.
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13
20
26
35
46
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Lake Shore fc Michigan Southern Railroad.

Ms.
|

Main Line Continued.
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Pittsburg, Cincinnati and St. Louis Rail-
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Michigan.
1

LIST OF THE GEOLOGICAL FORMATIONS OF MICHIGAN.
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Michigan Central Railroad.

Ms.
|

Kalamazoo Division Continued.
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Lake Shore & Michigan Southern R. R.

Ms.
| Michigan Division Continued.
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Ms.
|

Grand Rapids fc Indiana R. R. Con.
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Ms. Flint & Marquette B. ft. Continued.
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Grand Rapids, IVewaygo and Lake Shore

Ms.
|

Railroad.
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Chicago & North-Western Railroad.

Ms.
|

Green Bay and Lake Superior Line.
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Indiana.

LIST OF THE GEOLOGICAL FORMATIONS FOUND IN INDIANA,

20. Quaternary.*
15. Permian ?
14 c. Upper Coal Measures.
14 b. Lower Coal Measures.
14 a. Millstone Grit.
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Pittsburg, Fort Wayne and Chicago Rail-
Ms.

|
road Continued.
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Ms.
|

Detroit and Eel River Railroad.
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St. Louis, Ynndnlin, Terre Haute and India-

Ms.
| napolis Railroad.
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Ms.
|
Ohio & Mississippi Railroad Continued.
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Indianapolis, Peru and Chicago Railroad-
Ms. Continued.



128 AN AMERICAN GEOLOGICAL RAILWAY GUIDE. (INC.)

Ms.
|

Evansville and Crawfordsville R. R.
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Illinois.

List of the Geological Formations on the Illinois Railroads.

18 and 19. Cretaceous or Tertiary.
14 c. Upper Coal Measures.
14 b.

(
Lower Coal Measures and Con-

14 a. \ glomerate.
13 a, Low. Carboniferous Limestone,'
9-12. Devonian.

5 c. Niagara Group.
4 c. Cincinnati Croup.
4 a. Trenton and Galena Limestone.
3 c. St. Peter's Sandstone.
3 a. Calciferous and Lower Magne-

sian Limestone.

Baltimore, Pittsburg and Chicago Railroad.
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Illinois Central Railroad.
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Chicago, Burlington fc Quincy R. B. Cont.

Ms. Buda and Rushville Branch.
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Ms.
| Chicago & Alton Railroad Continued.
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Ms. I Cairo and Yiiicennes Railroad.
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Ms.
| Chicago and Illinois Southern B. R.
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Indianapolis, Bloomington and Western

Ms. Railroad Continued.
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Ms.
|

Paris ami Danville Railroad.



ILLINOIS. 137

Ms.
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Ms.



WISCONSIN. 139

Wisconsin. 1

LIST OF THE GEOLOGICAL FORMATIONS IN WISCONSIN:

20.

10.

7.

5 c

Quaternary,

Hamilton, (Milwaukee Cement
Rock,)

Lower Helderberg.
Niagara Limestone, 3

5 b. Clinton, 4

4 c. Cincinnati Shale.
4 b. Galena Limestone.

4 a. Trenton Limestone. 5

3 c. St. Peter's Sandstone, (Chazy of

New York ?)
3 a. Lower Magnesian,(Calciferous.)

p

2 b. Potsdam Sandstone. 7

Copper bearing series.

1 b. Huronian.
1 a. Laurentian.

Chicago and North-Western Railroad.
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Chicago fc North-Western Railroad Cont.
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Chicago, Milwaukee and St. Paul Railroad.

Chicago, Milwaukee, La Crosse, St. Paul and
Ms. Minneapolis Division Continued.
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Chicago, Milwaukee and St. Paul Railroad.
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Ms.
|
Green Bay fc Minnesota B. R. Cont.
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Ms.
|

Wisconsin Central Railroad Cont.
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Minnesota.

List of the Geological Formations found in Minnesota:

FORMATIONS
PER GENERAL LIST.
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Ms. 3 St. Paul and Sioux City R. R.



MINNESOTA.

Ms. St. Paul and Pacific Continued.
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Iowa.*

LIST OF THE GEOLOGICAL FORMATIONS FOUND IN IOWA :

20. Bluff Deposit, Post Tertiary.
20. Glacial Drift.

1 8 a, Lower Cretaceous.
14c. Upper Coal Measures.
14b. Low. Coal Mrs. (producing Coal.)
14 a. Millstone Grit.
1 3 b. Upper Sub-Carboniferous.
13 a. Lower Sub-Carboniferous.

10 b. Hamilton.
5 c. Niagara.
4 c. Cincinnati.
4 b. Galena Limestone.
4 a. Trenton.
3 b. St. Peter's Sandstone.
3 a. Lower Magnesian Limestone.
2 b. Potsdam.

Chicago, Milwaukee and St. Paul Railroad.
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Illinois Central Railroad.

Ms.
| Iowa Division Continued.
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Ms. Chicago, Rock Island and Pacific R. R.



IOWA. 151

Ch
Ms.

130
141

147
154
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Ms. Central Railroad of Iowa.



IOWA. 153

Davenport and IVorth-Western Railroad
Ms.

|
Continued,
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Missouri. 1

CEOLOCICAL FORMATIONS OF MISSOURI,

20. Quaternary, Alluvium, Bluff or

Loess, and Drift.

19. Tertiary, in Southeast Missouri.
1 8. Cretaceous,

" "

14. Coal Measures, 14 c. Upper.
14 b. Middle.

" " 14 a. Lower.
13. L. Carboniferous

or Sub-Carb,, 13 e. Chestergroup.
" 13 d. St. Louis.
" " 13 c. Keokuk.

13 b. Burlington.
" 13 a. Kinderhook or

Chouteau.
10. Devonian, 10 c. Black Slate (Gen-

esee ?)
5-7. Upper Silurian, 8. Oriskany.

5-7. Upper Silurian, 7. L. Helderberg." " 5. Niagara.
2-4. LowerSilurian, 4 c. Cincinnati.

11 - 4 b. GalenaorRe-
ceptaculite l.s.

11 4 a. Trenton and
Black River.

1st Magnesian Sac-
charoidal s.s.

2d Magnesian I. s.

2d Sandstone.
" O 3d Magnesian I. s.

" ' Lower Magnesian
I. s. and s. s.

" "
"

"2 b. Potsdam.
1 b. Huronian.
1 a. Laurentian.

Ms.
|

Hannibal and St. Joseph Railroad. Ms.
|

Hannibal and St. Joseph R.H.

6

10
15

19
30
42
53

59

70
79
90

104
109

121
130
140
150
156
163
172
177
185
200

206
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St. Louis, Kansas City and Northern Rail-
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Ms.

188
195
200
208
218
230
237
248
259
272
282
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St. Louis and San Francisco, or Atlantic and
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St. Louis, Iron Mountain and Southern
Railroad Continued.

Ms.
|

Cairo Division.



KANSAS. 159

Kansas."

The only geological formations found in Kansas are:

18. Cretaceous, c. Niobrara group,
b. Fort Hays group,

<( a. Dakota group.

15. Permian.
14 c. Upper Carboniferous.
14 b. Coal Measures.

Ms.

C

6

13

14

18

42
50
60

77
112

127
136
138

141

152
226
268
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Ms.
1

5 Wathena and Donfphan.
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Ms.

9

14

24

40
53
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Colorado.*

List of the Geological Formations in Colorado:

17. Jurassic.
16. Triassic.
1. Archaean. (Cold and Silver Mines)

19. Tertiary.
Lignitic Group (producing coal.)
18. Cretaceous, Nos. 2, 3, 4 and 5.

Ms. I 1 Kansas Pacific R. R. and Branches. Ms.
|

Denver and Boulder Valley Con.

420
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7 Colorado Central Railroad.
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Burlington and Missouri River Railroad



COLORADO AND UTAH. 165

Notes on Geological Observations in Colorado and Utah.

FURNISHED FOR THIS WORK, BY W. M. DAVIS, JR., or PHILADELPHIA.

COLORADO.
Denver & Rio Grande Railroad. 1. Colorado Springs. View includes a stretch of the Front

or Colorado Range of the Rocky Mountains. From north to west, unnamed. West, are Pike's
Peak and Cameron's Cove. Southwest, are Mount Rosa and Cheyenne Mountains; the latter Is the
finest point of the view. All these are granite, or granitic porphyry, &c. Northeast, (3 miles), is

~*, Tertiary. Southeast, (2 miles), is Mt. Washington, named after the highest of the
ains, whose height it closely equals, without rising conspicuously above the plain.

West and northwest, are the hogbacks of Mesozoic rocks, standing about vertical the result of the

Austin's Bluff, Tertiary. Southeast,
White Mountains, whose height it closelj
West and northwest, are the hogbacks of 3

granitic upheaval. The Garden of the Gods, Glen Eyrie and Blair Athol are among these hogbacks
to northwest. The Garden Gate is very conspicuous from the mesa (of drift?) west of the town.
In Glen Eyrie (private residence of Gen'l Palmer) contact of Triassic sandstone and granite well
seen. West, Ute Pass, to north of Pike's Peak, over to South Park. (Stage to Fairplay, two days.)
The Fontaine qui Bouille comes down from this pass, past the town of Manitou at its foot is

joined by Monument Creek, outside of the hogbacks, and flows south to the Arkansas River.
Excursions (ponies $3.00 a day) on the Plains, to Austin's Bluffs, Mt. Washington (half day),

toward the mountains to Manitou and the fossiliferous Palaeozoic rocks beyond, (their only ex-

posure on Front Range !) to Garden of Gods, Glen Eyrie, Blair Athol, Cheyenne Canon, (this latter
in granite). Each half a day better a day. To the mountains,

"
Cheyenne Mountain;" a good

(toll) carriage-road leads up valley back of this mountain. The ascent of a characteristic granite
peak can be made from end of road (carriage or saddle) in a day.

To Pike's Peak, (pony $6.00), two days, starting at 10 A. M. easily make Lake House by 4 or 5
o'clock. Good little shanty hotel. Moraine Lake shows good example of old glacial work.
Leaving lake at 2 A. M., trail can easily be followed in dark to summit, in three hours, for sunrise.

Signal Service station on top. View of Plains, Front Range, South Park (to west), and Arkansas
Valley beyond ; Sangre de Cristo, Sahwatch ranges in southwest and south, with Blanca Peak
(14,480 feet highest of Rocky Mountains in United States) at left end of Sangre de Cristo. Moun-
tains Harvard (next highest), Yale and Princeton, to west : Mount Lincoln, and Gray's and
Torrey's Peaks, northwest, and many others. Descent to Colorado Springs, 6 or 8 hours. With
plenty of time three days I should make this trip on foot.

2. Edgerton (Borstville?) station for Monument Park. Some few good specimens of monu-
ments can be seen from railroad Tertiary, horizontal.

3. Monument. Mesozoic rocks seen standing up at foot of mountains, four miles west.
4. Divide. Tertiary rocks reach over Mesozoics, and lie on granite in hill west of station.
5. Larkspur, Glade, Castle Rock. Fine Tertiary mesa of flat-topped hills.

Colorado Central Railroad. 6. Golden Junction to Golden City. Road runs between two
volcanic mesas, (formerly one, now cut in two by Clear Creek).

7. Longmont(?) (Valmont?) a dike near railroad station. These are the only igneous rocks
occuring in the Sedimentaries along the base of Colorado range. (See Hayden's Report, 1873

figures .)

8. Georgetown. Silver mines and reduction works. Excursion to Gray's Peak easily made in
two days (train arrives at noon and leaves at 1 o'clock.)

Denver Pacific Railroad. 9. Hughes. View of Pike's Peak in extreme south; Mt. Evans
group, west-south-west; Gray's and Torrey's Peaks, up a valley (Clear Creek), with the volcanic
mesas at its mouth, 12 miles west; James and Arapahoe feaks, west; Long's Peak (double summit)
west. Several snowy peaks to northwest, unnamed on maps. (Drainage Map of Colorado, Hay-
den, 1877, .)

UTAH.
1. Ogden. View of Wahsatch Mountains to east, a very fine range, as seen in afternoon light,

when eastern train arrives; southeast, Archaean, with Weber Canon cut in it, through which the
railroad has come out into valley; east, "Fault Canon," faulted Cambrian lying on Archaean,
recognized by color; Ogden Canon; northeast, Eden Pass, another fault; north and north-north-

east, Palaeozoic rocks on Archaean. Lake terraces show all along base of mountains, by gray
horizontal line, very distinct.

Utah Central Railroad. 2. Leaving Ogden and rounding long Quaternary slope south of
Weber River, a long stretch of Wahsatch range comes into view. From Fault Canon, north;
Archaean, at base; Palaeozoic, above; between Fault Canon and Centreville station, including
Weber Canon, all Archaean. Then begins the great synclinal, as seen from along here. The north
end, a little south of east from Centreville (Cambrian to Carboniferous), shows on top of moun-
tains; and the south end. Twin Peaks (Cambrian), and Lone Peak (granite intruded through
Archaean), in farthest distance, showing over lower Tertiary hills south of Centreville. The axis
of the synclinal (of soft, Mesozoic rocks) being low and hidden. The old lake terrace IS very
clearly seen.

3. Centreville to Salt Lake City. Around west base of hills, formed of Palaeozoic rock, dipping
south, (part of synclinal, overlaid by unconformable Tertiary rocks.

4. Salt Lake City. Walk north, one hour, to Ensign Peak, (or better, an hour farther north-

east, to point whence northeast can be seen also giving fine view in all directions.) The Wah-
satch range fills the east, from north to south. Other mountains are: Northwest, Antelope Island,
in lake, Archaean. North-northwest, beyond Antelope Promontory Mountains and Island; west,

Lakeside, Stansbury and Cedar Mountains; southwest, Qquirrh Mountain; west-southwest, Aqui
Mountain; south, Pelican Mountain, (beyond Traverse) Carboniferous, all running north and.

south; south, Traverse Mountains, east and west Trachyte cut through in middle of River

Jordan, coming from Utah Lake, (fresh of course), north to Great Salt Lake. Prom Ensign Peak
can be seen the city; the fertile valley of the Jordan, (fertile from irrigation); the lake; Camp
Douglas (U. S. troops) on terrace east of and commanding city; Emigration Canon, through which
the Mormons first came to the valley. Salt Lake is better than Colorado Springs for excursions.
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Wyoming, Utah and Nevada.

BY MR. ARNOLD HAGUE, ASSISTANT GEOLOGIST ON THE UNITED STATES GEOLOGICAL EXPLOR-
ATION OF THE 40TH PARALLEL.

LIST OF GEOLOGICAL FORMATIONS IN THESE TERRITORIES,
In the region of the Union Pacific and Central Pacific Eailroads.

GENERAL TABLE.
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Ms.
|

Union Pacific Railroad Continued.
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Ms.
|

Central Pacific Railroad Continued.



CALIFORNIA. 169

California.

Ms.
|

Central Pacific Railroad.
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Southern Pacific Railroad.

Ms.
|

Tulare Division.



CALIFORNIA. 171

Southern Pacific Railroad of California-
Ms.

|
Continued.
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Ms.



OREGON. 173

Oregon.*

Oregon and California Railroad.
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Delaware and the Eastern Shore of Maryland.

Delaware Railroad.

(Operated by the Philadelphia, Wilmington and
Ms.

|
Baltimore Railroad,)



MARYLAND AND DISTRICT OF COLUMBIA. 175

Maryland and District of Columbia.*

Philadelphia, Wilmington and Baltimore
Ms.

|
Railroad. Ms.

Baltimore and Ohio Railroad.
Washington Branch.

28
30

32

34
40
46
52
55

61

62

67

74
77

79
89

94
98
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Ms.



MARYLAND AND WEST VIRGINIA. 177

Cumberland and Pennsylvania Railroad.
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Ms.
|
Baltimore <& Ohio Railroad Continued.



VIRGINIA AND WEST VIRGINIA. 179

Virginia and West Virginia.
5

BY PROP. WILLIAM B. KOGERS.

List of the Geological Formations Found in Virginia and West Virginia,
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T T*



VIRGINIA AND WEST VIRGINIA. 181

Ms.
| Chesapeake & Ohio B. B Continued.
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West Virginia.



VIRGINIA. 183

Washington City, Virginia, Midland & Great
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Richmond, York River and Chesapeake



VIRGINIA. 185

Ms.
| Washington and Ohio Railroad.
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North Carolina. 1

Wilmington and Weldon R. R, 162 miles
;
N. and S. This road runs throughout its

whole length from Wilmington to Weldon on the (20) Quaternary formation, with

occasional small exposures of the Tertiary (19 a.) Eocene and (19 b.) Miocene and

of the (18) Cretaceous in the banks of the streams.

Atlantic and North Carolina R. R. 95 miles
;
E. and W. From Morehead to Golds-

boro, 95 miles; also on (20) Quaternary, with (19) Tertiary and (18) Cretaceous in

the banks of the streams.

Ms.
|

Piedmont Air Line.
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South Carolina.*

Ms.
|

Savannah and Charleston Railroad.
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GEORGIA. 189

Ms.
|

Central Railroad of Georgia.



190 AN AMERICAN GEOLOGICAL RAILWAY GUIDE. (GA.)

Ms.
|

Piedmont Air Line Railroad.
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Kentucky.
1

GEOLOGICAL FORMATIONS FOUND IN KENTUCKY. 8

20 b. Alluvium and Bluff.

20 a. Gravel, (equivalent of Orange
Sand of Tennessee).

19. Tertiary,(its details not yet studied).
14 c. Upper Coal Measures.
14 b. Lower Coal Measures.
14 a. Millstone Grit.

13 c. Chester.
13 b. St. Louis I. s. (Warsaw at base).

13 a. Keokuk and Waverly.
10 c. Black Shale.

( 9 c. Corniferous or

\ Upper Helderberg.
9 a. Cauda Galli.

5 c. Niagara.
4 c. Cincinnati.
4 a. Trenton.

Louisville, Cincinnati and Lexington Rail-
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Louisville, Cincinnati and Lexington Rail-
road Continued.

Ms.
I Shelbyville Division.

12

17
23

31
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Ms.
!

Paducah and Memphis Railroad.
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Paducah and Eltzabethtown Railroad-
Ms.

|
Continued.

76Rockport.
77 Green River.

80 Nelson Creek.

86 OwensboroJn18

88 Muhlenberg.
93 Greenville.

98 Gordon.
103 Bakersport.
110 Norton June. 19

117 Woodruff. 80

125Tradewater. 81

134Scottsburg.
23

139 Princeton.

145 Dulaney.
151 Eddyville.
152Euttawa. 23

158 Cumberland Riv
163 St. Bernard.
168Calvert City.

176 Lawton's Bluff.

179 Clark's River.

187 Paducah. 12

14 c. Upper Coal Mres.
" Mines.

Mines.

14 a. Millstone Grit.

13b. Sub-Garb. St. Los.

13 ?.. Keokuk?

20. Post Tertiary.

Eastern Kentucky Railroad. 2 4

Riverton. 85

Three Miles.

Worthington.
26

6-IArgillite.
37

Laurel.

14 b. Lower Coal Mres.

Ms.
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Ms.
|

Cincinnati Southern Railroad Cont.
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Tennessee.1

List of Geological Formations found in Tennessee:

DANA'S TABLE OF TENN. DIVISIONS,
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Ms. Louisville and Nashville and Gt. 8. Con.
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Ms.
|
7 Nashville, Chatanooga and St. Louis.



TENNESSEE. 199

Ms.
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Alabama. 1

DANA'S TABLE or
FOKMATIONS.



ALABAMA. 201

Selma, Rome and Dalton Railroad,
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Ms. Memphis and Charleston Railroad.



ALABAMA. 203

Ms.
I

Mobile and Girard Railroad.
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Mississippi.

New Orleans, St. Louis and Chicago Rail-
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Louisiana.*

GEOLOGICAL FORMATIONS OF LOUISIANA :

GENERAL TABLE.
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Arkansas/

GENERAL GEOLOGY OF THE STATE. Dividing the State diagonally from northeast to southwest,
beginning near the eastern boundary of Randolph county and running thence past Grand Glaise
and Little Rock, through to Fulton in Hempstead county on Red River, (consequently nearly in
the line of the St. Louis, Iron Mountain and Southern Railroad), almost all the State, east of said

line, will be found of the 19. Tertiary formation, except along the river bottoms, where it is 20.

Quaternary.
The northern portion, west of said line, is mostly 2-8. Silurian, with some 9-12.

evonian and 14. Carboniferous, further south; the middle western part of the State being 14. Car-

boniferous, while the southwest part (namely, from Arkadelphia and Murfreesboro south and west)
will be found 18. Cretaceous.

In consequence of the above general arrangement of the geological formations in the State, it

will be readily perceived that the St. Louis, Iron Mountain and Southern Railroad runs mainly near
the junction between the Silurian, Carboniferous and Cretaceous of the west side, and the 19.

Tertiary, with some 30. Quaternary, of the east side. Further, that the Arkansas Central is chiefly
in the 19. Tertiary and 20. Quaternary, while the Little Rock and Fort Smith Railroad passes
through the 14. Carboniferous formation; also, that the Memphis and Little Rock Railroad runs

through 19. Tertiary and 20. Quaternary.
The expression,

"
Quaternary over Silurian," is intended to indicate that the superficial deposits

of the locality, opposite which the remark is placed, are Quaternary ;
but that when lower forma-

tions are exposed by denudation, &c., they would be found Silurian. A similar interpretation is

designed to be given to "
Tertiary over Cretaceous," and the like expressions. R. O.

Ms. Arkansas Central Railroad.

10

21

30
40
48
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Texas.

International and Great Northern Rail-
Ms, road.
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Indian Territory.

Ms.
| Missouri, Kansas and Texas Railroad.
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JV". B. Where several branches or minor roads are operated ly one company, they

will le found in connection with the Railway Guide of the company ~by

which they are so operated.

Adirondack, 75.

Alabama and Chattanooga, 201.

Alabama Central, 203.

Albany and Susquehanna (see Delaware and

Hudson Canal Company), 74.

Alexandria (see Baltimore and Potomac), 175.

Alexandria and Washington (see Baltimore

and Ohio), 175.

Allegheny Valley, 105.

Androscoggin (see Maine Central), 57.

Annapolis and Elk Ridge, 175.

Arkansas Central, 206.

Arkansas Valley Branch : Kansas, 160
;
Col-

orado, 162.

Ashuelot, 59.

Ashtabula, Youngstown and Pittsburg :

Ohio, 110; Pennsylvania, 106.

Atchison and Nebraska : Kansas, 159; Ne-

braska, 163.

Atchison, Topeka and Santa Fe, 159.

Atlanta and Charlotte Air Line (see Pied-

mont Air Line), 188.

Atlanta and Richmond Air Line (see Pied-

mont Air Line): Virginia, 183; North

Carolina, 186
; Georgia, 190.

Atlanta and West Point, 189.

Atlantic and Great Western: New York,

85; Pennsylvania, 105; Ohio, 110.

Atlantic and Gulf: Georgia, 188; Florida,

208.

14

Atlantic and Pacific (see St. Louis and San

Francisco): Missouri, 157; Indian Terri-

tory, 208.

Atlantic, Gulf and West India Transit Com-

pany, 208.

Atlantic, Mississippi and Ohio, 184.

Baltimore and Ohio : Pennsylvania, 107 ;

Ohio, 110, 114; Indiana, 122; Illinois,

129
; Maryland, 175; West Virginia, 177,

178 ; Virginia, 180.

Baltimore and Potomac, 175.

Baltimore, Pittsburg and Chicago (see Balti-

more and Ohio) : Ohio, 110
; Illinois, 129.

Bangor and Piscataquis, 57.

Barclay, 101.

Bath and Hammondsport, 84.

Boston and Albany : Massachusetts, 64
;

New York, 88.

Boston and Maine, 61.

Boston and Providence : Massachusetts, 62
;

Rhode Island, 64.

Boston, Barre and Gardner, 63.

Boston, Clinton and Fitchburg, 62.

Boston, Concord and Montreal, 58.

Boston, Lowell and Nashua, 61.

Breakwater and Frankford, 174.

Brunswick and Albany, 188.

Buffalo and McKean, 104.

Buffalo and South-Western, 85.
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Buffalo, Allegheny Valley and Pittsburg, 85.

Buffalo, Bradford and Pittsburg : New

York, 85
; Pennsylvania, 104.

Buffalo, Corry and Pittsburg, 85.

Buffalo, New York and Philadelphia : New

York, 86
; Pennsylvania, 104.

Burlington and Missouri River (see Chicago,

Burlington and Quincy), 16,3.

Burlington and South-Western : Iowa, 151
;

Missouri, 158.

Burlington, Cedar Rapids and Northern,

152.

Cairo and St. Louis, 132.

Cairo and Vincennes, 133.

California Pacific, 170.

Camderi and Atlantic, 90.

Camden and Burlington County, 90.

Canada Southern : Canada, 53, 54
;
Michi-

gan, 120.

Carbondale and Shawneetown, 133.

Carolina Central, 186.

Catawissa and Williamsport (see Philadel-

phia and Reading), 103.

Cayuga Southern, 79.

Cazenovia, Canastota and De Ruyter. 80.

Central Branch Union Pacific, 159.

Central Georgia, 189.

Central Iowa, 152.

Central of New Jersey : New Jersey, 91
;

Pennsylvania, 101.

Central Ohio (see Baltimore and Ohio), 110.

Central Pacific Branches, etc.: Nevada,

167; California, 169.

Alameda Branch, 170.

Marysville Branch, 170.

Napa Branch, 170.

Oregon Division, 170.

San Jose Branch, 169.

Visalia Division, 169.

Central Vermont : Vermont, 59
;
New York,

76.

Charlotte, Columbia and Augusta, 187.

Chartiers (see Pittsburg, Cincinnati and St.

Louis), 106.

Cheraw and Darlington, 187.

Cherokee, 190.

Chesapeake and Ohio, 180-182.

Cheshire (New Hampshire), 59.

Chester and Lenoir, 187.

Chester (New Jersey), 92.

Chester Valley (see Philadelphia and Read-

ing), 102.

Chicago and Alton: Illinois, 131; Missou-

ri, 156.

Chicago and Canada Southern (sec Canada

Southern), 120.

Chicago and Illinois Southern, 134.

Chicago and Iowa, 134.

Chicago and Lake Huron, 120.

Chicago and Michigan Lake Shore, 119.

Chicago and North-Western : Michigan,
121

; Illinois, 133
; Wisconsin, 139, 140;

Minnesota, 145
; Iowa, 149.

Chicago and Pacific, 134.

Chicago and Paducah, 133.

Chicago, Burlington and Quincy: Illinois,

130, 131; Iowa, 150.

Chicago, Danville and Vincennes, 133.

Chicago, Dubuque and Minnesota, and Chi-

cago, Dubuque and Clinton, 153.

Chicago, Milwaukee and St. Paul: Illinois,

134; Wisconsin, 140; Minnesota, 146;

Iowa, 148.

Chicago, Pekin and South-Western, 132.

Chicago, Rock Island and Pacific : Illinois,

131
; Iowa, 150

; Missouri, 156.

Chicago, St. Louis and New Orleans, 193.

Cincinnati and Muskingum Valley (see

Pittsburg, Cincinnati and St. Louis), 11L

Cincinnati, Cumberland Gap and Charles-

ton, 199.

Cincinnati, Hamilton and Dayton, 111.

Cincinnati, Hamilton and Indianapolis;

Ohio, 111; Indiana, 125.

Cincinnati, Lafayette and Chicago : Indiana,

124; Illinois, 134.

Cincinnati, Richmond and Chicago, 111.

Cincinnati, Richmond and Fort Wayne (see

Grand Rapids and Indiana), 126.

Cincinnati, Rockport and South-Western,

128.

Cincinnati Southern, 194.

Cincinnati, Wabash and Michigan, 126.

Cleveland and Mahoning Valley (see
Atlantic

and Great Western), 110.

Cleveland and Pittsburg: Pennsylvania,

106; Ohio, 111.

Cleveland, Columbus, Cincinnati and Indian-

apolis: Ohio, 111; Indiana, 124.

Cleveland, Mount Veraon and Columbus,
111.
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Cleveland, Tuscarawas Valley and Wheel-

ing, 112.

Colorado Central, 163.

Columbus and Hocking Yalley, 112.

Columbus and Xenia, 112.

Columbus, Chicago and Indiana Central (sec

Pittsburg, Cincinnati and St. Louis), 112.

Columbus, Springfield and Cincinnati, 112.

Concord and Claremont, 59.

Concord and Portsmouth, 58.

Concord, New Hampshire, 58.

Connecticut and Passumpsic, 60.

Connecticut Central, 65.

Connecticut River, 63.

Connecticut Valley, 65.

Connecticut Western, 66.

Cooperstown and Susquehanna Valley, 74.

Corning, Cowanesque and Antrim : New

York, 80
; Pennsylvania, 104.

Cumberland and Pennsylvania, 17*7.

Cumberland Valley, 107.

Dakota Southern, 151.

Danvers and Newburyport, 61.

Danville, Hazleton and Wilkesbarre, 101.

Davenport and North-Western, 152.

Dayton and Union, 112.

Delaware, 174.

Delaware and Boundbrook : New Jersey,

90
; Pennsylvania, 104.

Delaware and Hudson, 99.

Delaware and Hudson Canal .Company:
New Jersey, 74 ; Pennsylvania, 99.

Delaware Division Philadelphia, Wilming-
ton and Baltimore Railroad, 174.

Delaware, Lackawanna and Western : New

York, 78
;
New Jersey, 91

; Pennsyl-

vania, 99.

Delaware Shore, 174.

Denver and Boulder Valley, 162.

Denver and Rio Grande, 162.

Denver Pacific (see Kansas Pacific), 162.

Denver, South Park and Pacific, 162.

Des Moines and Fort Dodge, 151.

Des Moines and Minneapolis, 161.

Detroit and Milwaukee, 118.

Detroit, Eel River and Illinois, 124.

Detroit, Hillsdale and South-Western, 120.

Detroit, Lansing and Lake Michigan, 119.

Dorchester and Delaware, 174.

Dubuque and South-Western, 149.

Dunkirk, Allegheny Valley and Pittsburg,

105.

Dutchess and Columbia (see Newburg,
Dutchess and Connecticut), 87.

East Alabama and Cincinnati, 203.

East Broad Top, 108.

East Pennsylvania (see Philadelphia and

Reading), 102.

East Tennessee, Virginia and Georgia, 199.

Eastern Kentucky, 194.

Eastern (Massachusetts), 61.

Eastern Shore, 174.

Easton and Amboy (see Lehigh Valley), 91.

Erie and Pittsburg, 105.

Erie Railway (now New York, Lake Erie

and Western) : New York, 82-85
;
Penn-

sylvania, 99.

Eureka and Palisade, 168.

European and North American: Canada,
55

; Maine, 57.

Evansville and Crawfordsville, 128.

Evansville, Owensboro and Nashville, 193.

Evansville, Terre Haute and Chicago : In-

diana, 127
; Illinois, 133.

Fitchburg, Troy and Boston (Massachu-

setts), 63.

Flint and Pere Marquette, 118.

Flushing, North Shore and Central, 87.

Fonda, Johnstown and Gloversville, 73.

Fort Wayne, Jackson and Saginaw, 126.

Fort Wayne, Muncie and Cincinnati, 126.

Franklin and Worcester, 174.

Freehold, Jamesburg and Squankum, 89.

Galena and South Wisconsin, 144.

Galveston, Harrisburg and San Antonio, 207.

Geneva and Lyons (see New York Central

and Hudson River Railroad), 88.

Geneva, Ithaca and Sayre (see Lehigh Val-

ley), 79.

Georgia, 189.

Gilman, Clinton and Springfield, 134.

Grand Rapids and Indiana: Michigan, 117
;

Indiana, 126.

Grand Rapids, Newaygo and Lake Shore,

120.

Grand Tower and Carbondale, 134.

Grand Trunk: Canada, 52; New Hamp-

shire, 58
; Michigan, 120.
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Great Western (Canada), 54.

Green Bay and Minnesota, 142.

Greenville and Columbia, 188.

Greenwich and Johnsonville, 87.

Gulf, Western Texas and Pacific, 207.

Hannibal and St. Joseph, 154.

Hanover Junction, Hanover and Gettys-

burg, 107.

Harlem Extension : Vermont, 60
;
New

York, 86.

Hartford, Providence and Fishkill, 66.

Hastings and Dakota, 146.

Hot Springs, 206.

Housatonic : Massachusetts, 63
;
Connecti-

cut, 65.

Houston and Texas Central, 207.

Hudson River (see New York Central), 68.

Huntingdon and Broad Top, 107.

Illinois and St. Louis, 135.

Illinois Central : Illinois, 129
; Iowa, 148.

Illinois Midland, 134.

Indiana North and South, 127.

Indianapolis and St. Louis, 124.

Indianapolis, Bloomington and Western:

Indiana, 124; Illinois, 134.

Indianapolis, Cincinnati and Lafayette, 125.

Indianapolis, Decatur and Springfield, 135.

Indianapolis, Peru and Chicago, 127.

Intercolonial, 55.

International and Great Northern, 207.

Iowa Midland (see Chicago and North-West-

ern), 149.

Iron Mountain, Chester and Eastern, 135.

Jackson, Lansing, and Saginaw (see Michi-

gan Central), 116.

Jacksonville, North-Western and South-

Eastern, 135.

Jacksonville, Pensacola and Mobile, 208.

Jefiersonville, Madison and Indianapolis,

125.

Junction and Breakwater, 174.

Junction City and Fort Kearney, 160.

Kansas Central, 160.

Kansas City, St. Joseph and Council Bluffs :

Iowa, 151
; Missouri, 158.

Kansas Midland (see Atchison, Topeka and

Santa Fe), 159.

Kansas Pacific : Kansas, 160
; Colorado,

162.

Kent County and Smyrna and Delaware

Bay, 174.

Kentucky Central, 193.

Keokuk and Des Moines Valley, 152.

Knox and Lincoln, 57.

Knoxville and Charleston, 199.

Knoxville and Ohio, 198.

Lackawanna and Bloomsburg (see Delaware,

Lackawanna and Western), 100.

Lake Erie and Louisville, 112.

Lake Erie, Evansville and South-Western,

128.

Lake Shore .and Michigan Southern : New

York, 86
; Pennsylvania, 105

; Ohio, 112
;

Michigan, 116; Indiana, 122; Illinois,

135.

Lake Superior and Mississippi, 147.

Leavenworth, Lawrence and Galveston, 161.

Lehigh and Susquehanna (see Central of

New Jersey), 101.

Lehigh Valley : New Jersey, 91
; Pennsyl-

vania, 100
;
New York, 79.

Lexington and Big Sandy, 195.

Little Miami (see Pittsburg, Cincinnati and

St. Louis), 113.

Little Rock and Fort Smith, 206.

Little Schuylkill (sec Philadelphia and Read-

ing), 102.

Long Island, 87.

Louisville, Cincinnati and Lexington, 191.

Louisville, Nashville and Great Southern:

Kentucky, 192; Tennessee, 196; Ala-

bama, 200.

Louisville, New Albany and Chicago, 127.

Louisville, New Albany and St. Louis,

127.

Louisville, Paducah and South-Western (see

Paducah and Elizabethtown), 193.

McMinnville and Manchester, 198.

Macon and Augusta (see Georgia), 189.

Macon and Brunswick, 188.

Maine Central, 57.

Manchester and Lawrence, 58.

Manchester and North Weare, 58.

Mansfield, Coldwater and Lake Michigan,

113.

Marietta and Cincinnati, 113.



IN THE UNITED STATES AND CANADA. 213

Marietta, Pittsburg and Cleveland, 113.

Marquette, Houghton and Ontonagon, 121.

Maryland and Delaware, 174.

Mercer and Somerset (New Jersey), 90.

Memphis and Charleston: Tennessee, 197;

Alabama, 202.

Memphis and Little Rock, 206.

Memphis and Louisville (see Louisville and

Nashville and Great Southern), 196.

Michigan Central : Michigan, 115; Indiana,

122
; Illinois, 135.

Michigan Lake Shore, 119.

Middleburg and Schoharie (see Delaware and

Hudson Canal Co.), 74.

Middletown and Crawford, 84.

Milwaukee and St. Paul, 140-142.

Milwaukee, Lake Shore and Western, 143.

Mineral Point, 144.

Minneapolis and St. Louis, 146.

Mississippi and Tennessee (see New Orleans,

St. Louis and Chicago), 204.

Mississippi Central (see New Orleans, St.

Louis and Chicago), 204.

Missouri, Iowa and Nebraska: Iowa, 151;

Missouri, 155.

Missouri, Kansas and Texas : Missouri, 156
;

Kansas, 160
;
Indian Territory, 208.

Missouri Pacific: Missouri, 155; Kansas,

160.

Missouri River, Fort Scott and Gulf, 161.

Mobile and Alabama Grand Trunk, 203.

Mobile and Girard, 203.

Mobile and Montgomery, 203.

Mobile and Ohio : Kentucky, 193
;
Tennes-

see, 196
; Alabama, 203

; Mississippi, 204.

Montclair and Greenwood Lake, 92.

Montgomery and Eufaula, 203.

Montrose, 101.

Morgan's Louisiana and Texas, 205.

Morris and Essex (see Delaware, Lackawan-

na and Western), 91.

Muncy Creek, 101.

Nashua, Acton and Boston, 62.

Nashville and Decatur (see Louisville and

Nashville and Great Southern), 202.

Nashville, Chattanooga and St. Louis : Ken-

tucky, 195
; Tennessee, 198

; Alabama,
202.

Naugatuck, 65.

Nebraska, 164.

Newburg, Dutchess and Connecticut, 87.

New Castle and Franklin, 106.

New Haven and Northampton : Massachu-

setts, 63
; Connecticut, 65.

New Haven, Hartford and Springfield, 63.

New Haven, New London and Stonington

(see New York, New Haven and Hart-

ford), 63.

New Jersey Midland, 92.

New Jersey Southern, 90.

New London Northern (see Central Ver-

mont) : Massachusetts, 63
; Connecticut,

66.

New Orleans and Mobile : Mississippi, 204
;

Louisiana, 205.

New Orleans, Jackson and Great Northern

(see New Orleans, St. Louis and Chicago),

204.

j

New Orleans, Louisville and Chicago, 196.

New Orleans, St. Louis and Chicago : Mis-

sissippi, 204
; Louisiana, 205.

New York and Harlem, 87.

New York and New England : Massachu-

setts, 62; Connecticut, 66.

New York and New Haven, 87.

New York and Oswego Midland, 81.

New York and Philadelphia (New Line), 104.

New York Central and Hudson River, 68-

73, 88.

New York, Lake Erie and Western (late

Erie Railway) : New York, 82-85
;
Penn-

sylvania, 99.

New York, New Haven and Hartford : Con-

necticut, 65
;
New York, 87.

North and South (see Central of Georgia),

189.

North Carolina, 186.

North Pacific Coast, 172.

North Pennsylvania, 104.

North Wisconsin, 144.

North-Eastera (Georgia), 190.

North-Eastern (South Carolina), 187.

Northern (Canada), 54.

Northern Central: New York, 79; Penn-

sylvania, 98
; Maryland, 175.

Northern New Hampshire, 58.

Northern of New Jersey (see Erie), 84.

Northern Pacific: Minnesota, 147; Wash-

ington Territory, 172.

North-Western North Carolina (see Pied-

mont Air Line), 186.
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Norwich and Worcester (see New York and

New England): Massachusetts, 62; Con-

necticut, 66.

Ogdensburg and Lake Champlain, 76.

Ohio and Mississippi: Ohio, 113; Indiana,

125
; Illinois, 135.

Oil City and Ridgeway, 105.

Old Colony : Massachusetts, 61
;
Rhode

Island, 64.

Omaha and North-Western, 164.

Ontario Southern, 79.

Oregon and California, 173.

Oregon Central, 173.

Oswego and Syracuse (see Delaware, Lacka-

wanna and Western), 78.

Paducah and Elizabethtown, 193.

Paducah and Memphis: Kentucky, 193;

Tennessee, 196.

Painesville and Youngstown, 113.

Pan Handle Route (see Pittsburg, Cincin-

nati and St. Louis), 106.

Paris and Danville, 136.

Peachbottom, 104.

Pekin, Lincoln and Decatur, 136.

Pennsylvania and New York (see Lehigh

Valley), 100.

Pennsylvania Railroad : New Jersey, 89
;

Pennsylvania, 94-98.

Philadelphia and Erie, 95.

United Railways of New Jersey, 89.

Peoria and Rock Island, 136.

Peoria, Pekin and Jacksonville, 136.

Philadelphia and Baltimore Central : Penn-

sylvania, 104; Maryland, 175.

Philadelphia and Chester, 103.

Philadelphia and Reading, and Branches,

101-103.

Philadelphia, Wilmington and Baltimore :

Pennsylvania, 108; Delaware, 174; Mary-

land, 175.

Piedmont Air Line : Virginia, 183
;
North

Carolina, 186
;

South Carolina, 188
;

Georgia, 190.

Pittsburg, Cincinnati and St. Louis : Penn-

sylvania, 106; Ohio, 114; Indiana, 123.

Pittsburg, Fort Wayne and Chicago : Penn-

sylvania, 106
; Ohio, 114

; Indiana, 122;

Illinois, 136.

Pittsburg, Titusville and Buffalo, 105.

Pittsburg, Virginia and Charleston, 106.

Pittsburg, Youngstown and Ashtabula :

Pennsylvania, 106; Ohio, 110.

Portland and Ogdensburg : New Hampshire,
58

; Vermont, 60.

Port Royal, 187.

Poughkeepsie, Hartford and Boston, 86.

Providence and Springfield, 64.

Providence and Worcester : Massachusetts,
63

;
Rhode Island, 64.

Providence, Warren and Bristol, 64.

Pueblo and Arkansas Valley, 163.

Queen Anne's and Kent, 174.

Quincy, Alton and St. Louis (see Chicago,

Burlington and Quincy), 136.

Quincy, Missouri and Pacific, 155.

Raleigh and Augusta Air Line, 186.

Raleigh and Gaston, 186.

Reading and Columbia (see Philadelphia and

Reading), 102.

Rensselaer and Saratoga (see Delaware and

Hudson Canal Company), 74.

Rhinebeck and Connecticut, 88.

Richmond and Danville (see Piedmont Air

Line), 183, 186, 188, 190.

Richmond and Petersburg, 183.

Richmond, Fredericksburg and Potomac,

183.

Richmond, York River and Chesapeake, 184,

Rochester and State Line, 85.

Rockford, Rock Island and St. Louis (see

St. Louis, Rock Island and Chicago), 136,

Rome (Georgia), 190.

Rome, Watertown and Ogdensburg, 77.

St. Joseph and Denver City: Kansas, 159
;

Nebraska, 164.

St. Louis and San Francisco, 157.

St. Louis and South-Eastern : Indiana, 128
,

Illinois, 137 ; Kentucky, 193
;

Tennes-

see, 197.

St. Louis, Alton and Terre Haute, 137.

St. Louis, Iron Mountain and Southern:

Missouri, 157; Arkansas, 206.

St. Louis, Kansas City and Northern, 154.

St. Louis, Keokuk and North-Western, 158.

St. Louis, Lawrence and Western : Missou-

ri, 158; Kansas, 161.

St. Louis, Rock Island and Chicago, 136.
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St. Louis, Salem and Little Rock, 158.

St. Louis, Vandalia, Terre Haute and Indian-

apolis : Indiana, 125
; Illinois, 137.

St. Paul and Sioux City, 146.

St. Paul and Pacific, 146.

St. Paul, Stillwater and Taylor's Falls,

147.

Saginaw Valley and St. Louis, 120.

Sandusky, Mansfield and Newark (see Balti-

more and Ohio), 114.

San Francisco and North Pacific, 171.

Saratoga and Champlain: Vermont, 60;

New York, 74.

Savannah and Charleston, 187.

Savannah and Memphis, 203.

Savannah, Griffin and North Alabama, 190.

Schoharie Valley, 74.

Schuylkill and Susquehanna (see Philadel-

phia and Reading), 102.

Seaboard and Roanoke, 184.

Selma and Gulf, 203.

Selma, Marion and Memphis, 203.

Selma, Rome and Dalton : Georgia, 190
;

Alabama, 201.

Sheboygan and Fond du Lac, 142.

Shenango and Allegheny, 105.

Shepaug, 65.

Sioux City and St. Paul, 151.

Sioux City and Pacific : Iowa, 151
;
Nebras-

ka, 164.

Skaneateles, 73.

South and North Alabama (see Louisville

and Nashville and Great Southern), 200.

South Carolina, 187.

Southern Central, 80.

Southern Kansas, 160.

Southern Minnesota, 145.

Southern Pacific (of California), 170, 171.

South Side Railroad of Long Island, 88.

South-Western (see Central Georgia), 189.

Spartanburg and Union, 188.

Springfield and North-Western, 136.

Springfield, Athol and North-Eastern, 63.

State Line and Sullivan, 101.

Staten Island, 87.

Stockton and Copperopolis, 170

Stockton and Visalia, 170.

Stonington and Providence, 66.

Straitsville, Somerset and Newark, 114.

Sussex, 92.

Sycamore, Cortlaud and Chicago, 136.

Syracuse, Binghamton, and New York (see

Delaware, Lackawanna and Western), 78.

Syracuse, Chenango and New York, 80.

Syracuse, Geneva and Corning, 80.

Syracuse Northern (see Rome, Watertown

and Ogdensburg), 77.

Tennessee and Pacific, 198.

Tennessee Coal and Railway Company's

Railroad, 198.

Texas and Pacific : Louisiana, 205
; Texas,

207.

Tioga, 104.

Tioga, Elmira and State Line : New York,

80; Pennsylvania, 104.

Toledo, Canada Southern and Detroit (see

Canada Southern), 120.

Toledo, Peoria and Warsaw, 137.

Toledo, Wabash and Western (see Wabash) :

Ohio, 114; Indiana, 124; Illinois, 134,

137.

Toronto, Grey and Bruce, 54.

Troy and Boston, 86.

Troy and Schenectady (see New York Cen-

tral and Hudson River Railroad), 88.

Ulster and Delaware, 85.

Union Pacific : Wyoming, 166
; Nebraska,

164; Kansas, 169; Utah, 167.

Upson County (see Central, Georgia), 189.

Utah Central, 168.

Utah Northern, 168.

Utah Southern, 168.

Utica and Black River, 76.

Utica, Chenango and Susquehanna Valley

(see Delaware, Lackawanna and West-

ern), 78.

Utica, Ithaca and Elmira, 81.

Vicksburg and Brunswick, 203.

Vicksburg and Meridian, 204.

Vicksburg, Shreveport and Texas, 205.

Vineland (see West Jersey), 90.

Virginia and Truckee, 168.

Wabash (formerly Toledo, Wabash and

Western): Ohio, 114; Indiana, 124; Illi-

nois, 134, 137.

Walkill Valley (see Erie), 84.

Ware River (see Boston and Albany), 63.

Washington and Ohio, 185.
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Washington City, Virginia Midland and

Great Southern, 182.

Wathena and Doniphan, 160.

West Chester and Philadelphia, 104.

West Jersey, 90.

West Wisconsin (see Chicago and North-

Western), 140.

Western and Atlantic, 190.

Western (Alabama), 202.

Western Maryland, 176.

Western North Carolina, 186.

Western of North Carolina, 186.

Western Union : Illinois, 138
; Iowa, 149

;

Wisconsin, 142.

Wheeling, Pittsburg and Baltimore, 107.

Wicomico and Pocomoke, 174.

Wilmington and Northern : Pennsylvania,
104

; Delaware, 174.

Wilmington and Western, 174.

Wilmington, Columbia and Augusta : North

Carolina, 186
;
South Carolina, 187.

Winchester and Alabama, 198.

Windsor and Annapolis, 65.

Winona and St. Peter's (see Chicago and

North-Western), 145.

Wisconsin Central, 143.

Wisconsin Valley, 144.

Worcester and Nashua, 62.

Worthington and Sioux City (see Sioux

City and St. Paul), 151.





CHRONOLOGY OF SOME OF THE OLDER IMPORTANT RAILROADS.

The several parts of what is now the NEW TOBK CENTEAL AND HUDSON EIVEB EAILEOAD were com-

pleted at the following dates :

Albany to Schenectady 1831, 17 miles.

Schenectady to Utica, 1886, 78 "

Buffalo to Niagara Falls 1837, 22 "

Eochester to Attica (Tonawanda Bailroad) 1837, 42 "

Utica to Syracuse 1839, 53 u

Syracuse to Auburn (twenty-two miles in 1838) 1839, 26 "

Auburn to Eochester August, 1841, 78 "

Buffalo to Attica December, 1842, 82 "

Line completed, Albany to Buffalo (gap of one mile filled') 1845.

Bchenectady to Troy 1842, 21 "

Troy to Greenbush '. 1845, 6 "

Batavia to Niagara Falls (afterward taken up) July 1, 1858, 86 "

Batavia to Buffalo (direct road) 1850, 69 u

Niagara Falls to Suspension Bridge April 1, 1854, 8 "

Suspension Bridge to Lewiston 1854, 6 "

Eochester to Syracuse (direct road) 1853, 81 "

Eochester to Lockport and Suspension Bridge July 1, 1852, 75 "

Buffalo to Lockport 1854, 26 "

Canandaigua to Batavia January 1, 1858, 50 "

Schenectady to Athens (Athens branch) 1865, 41 "

New York Central Eailroad, Albany to Buffalo (13 corporations) con-

solidated May 1,1853.

Hudson River Railroad:

New York to Peekskill September 29, 1849, 41 miles.

Peekskill to New Hamburg December 6, 1849, 23 "

New Hamburg to Poughkeepsie December 31, 1849, 9 "

East Albanyto Hudson June 16,1851, 23 "

Hudson to Oakhill July 7, 1851, 6 "

Oakhill to Tivoli August 4, 1851, 10 "

Tivoli to Poughkeepsie October 8, 1851, 25 "

Line, New York to East Albany (and to Buffalo), completed. October 8, 1851, 142 "

New York Central and Hudson Eiver Eailroads consolidated. . . . November 1, 1869.

New York and Harlem Eailroad completed January 19, 1852, 127 "

The several sections of the EBIE EAILWAY (now the New York, Lake Erie and Western) were opened

at the following dates :

Piermont to Goshen September, 1841, 46 miles.

Goshento Middletown June 7, 1843, 7 "

Middletown to Otisville November 3, 1846, 8 "

Otisville to Port Jervis January 6, 1848, 13 "

Port Jervis to Binghamton December 28, 1848, 127 "

Binghamton to Owego June 1, 1849, 22 "

Owego to Elmira October, 1849, 87 "

Elmira to Corning January 1, 1850, 17 "
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Corning to Hornellsville September 3, 1850, 41 miles.

Hornellsville to Dunkirk April 22, 1851, 123 "

Whole line opened April 22, 1851, 446 "

Hornellsville to Buffalo 1852, 92 "

Newburg branch .1850, 18 "

Corning to Avon (August 2, 1852, to Wayland) 1853, 76 "

Avon to Kochester August, 1854, 19 "

Avon to Mt. Morris June, 1859, 16 "

AvontoLeRoy 1853, 14 "

Le Koy to Batavia 1854, 10 "

Attica to Batavia June 20, 1858, 11 "

Ithaca to Owego (now Delaware, Lackawanna and Western) April 1
, 1834, 83 "

Elmira to Watkins (now Northern Central Kailroad) December 16, 1849, 17 "

Watkins to Canandaigua (now Northern Central Kailroad) September 15*1851, 47 "

Corning to Blossburg 1840, 41 "

BALTIMORE AND OHIO KAILROAD:

Baltimore to Ellicott's Mills (the first passenger railroad in the United States), 1830.

Baltimore to Washington August 25, 1835.

Baltimore to Harper's Ferry 1834.

Baltimore to Cumberland 1842.

Baltimore to Wheeling 1853.

Baltimore to Parkersburg May 1, 1857.

PENNSYLVANIA EAILROAD :

Philadelphia to Columbia (by the State of Pennsylvania) 1834.

Allegheny Mountain Portage Kailroad 1834.

Philadelphia to Pittsburg by Pennsylvania Eailroad and the

State Portage Railroad December 10, 1852.

Philadelphia to Pittsburg, by Pennsylvania Kailroad, completed. . February 15, 1854.

BOSTON AND ALBANY KAILROAD :

Boston to Worcester July 4, 1835.

Worcester to Albany December 21, 1841.

BOSTON, MASS., TO OGDENSBURG, NEW YORK 1851.

CENTRAL RAILROAD OF NEW JERSEY (Easton to New York) 1852.

LAKE SHORE AND MICHIGAN SOUTHERN KAILROAD:

Toledo to Chicago March 22, 1852.

Buffalo to Pennsylvania Line : February 22, 1852.

CHICAGO, BURLINGTON AND QTTINCY 1854.

CHICAGO, ROCK ISLAND AND PACIFIC 1854,

ILLINOIS CENTRAL (Main line) December 28, 1855.

OHIO AND MISSISSIPPI (Cincinnati to St. Louis) 1860.

CHICAGO AND NORTH-WESTERN to the Mississippi River at Fulton July 3, 1862.

UNION PACIFIC RAILROAD AND CENTRAL PACIFIC RAILROAD :

Omaha to San Frandsco May 10, 1869.
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A NEW SUMMER-RESORT.
GREEN LAKE, Five Miles South of Syracuse, New York, and One Mile West of

Jamesville on the Delaware, LacTcawanna and Western Railroad.

A Magnificent Exposure of the Upper Helderberg Limestone. Extraordinary

Geological Phenomena. Grand and Beautiful Scenery.

THERE are very remarkable precipices of Onondaga and Corniferous lime-

stone, or the Upper Helderberg group, surrounding Green Lake, quite near the

old stage-road leading from Albany to Buffalo. It is a pleasant walk of one

mile, by a dry turnpike from Jamesville station
;
or it can be reached by a short

drive from Syracuse, either via Brighton, the shortest road, or by Onondaga

Valley, or by the Jamesville turnpike all of them excellent roads with fine

scenery.

On approaching the lake from the turnpike on the south side, the tourist is

startled at finding himself, without any notice, on the brink of a yawning gulf,

precisely like that of the Niagara Eiver below the Falls, and nearly as deep.

The rocks form perpendicular precipices of greater height and extent here, and

in this vicinity, than in any other locality of this formation in the United States
;

and they present many features of the highest interest to the geologist, and to

all who enjoy a scene of beauty and grandeur.
The brink of the chasm has been fringed by Nature, as no art could have

done it, with arbor vitaes (Thuja occidentalis, Z.) and cedars (Cupressus thyoi-

des, L.}, growing in the crevices of the limestones, and between these may be

obtained beautiful glimpses of the lake, the rocks, and the gorge ;
and at many

points, on the projecting table rocks, are full views of one of the most surpris-

ing and picturesque landscapes in this part of the country. It can be best de-

scribed by imagining that a circular mass of the limestones, a quarter of a mile

in diameter, had suddenly sunk into the bowels of the earth, thus forming' a

chasm on the flat top of the Helderberg range, three hundred feet deep, with

very high, perpendicular walls of hard limestone, extending nearly all around the

depression. A circular lake of greenish-colored, pure water, of unknown depth,

covering about ten acres, fills the whole of the interior. The scene at even a

first view is very fine, and is so out of the usual way as greatly to surprise the

beholder and leave a lasting impression on his memory. It is not a ravine or

cation
;
there is no stream of water whatever, and no place where one could

ever have existed, and the lake, which glistens deep down in the gulf, has no

visible outlet, the bottom of the gap being above the level of the water, which

probably finds its outlet through crevices in the underlying limestones.

But the interest is increased when we have passed around the lake and seen

the other depressions with which it is surrounded, and studied their meaning
and history, or the method of their formation. First go eastward, toward the

only gap in the rocky walls, or the place where the outlet of the lake should

be, if it had one. The upper surface of the Onondaga limestone is extensively

exposed, forming a flat pavement on the south and north sides of the Jake, ex-

tending to the brink of the precipice. The natural joints of the rock are greatly

enlarged, forming wide crevices and round holes extending down into the solid

rock, every edge and corner being thoroughly rounded and water-worn, in an

extraordinary manner, as it could only have been done by the dashing shore-
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waves of an ancient sea of which this was the coast. Through the openings in

the thicket of beautiful young cedars, you get new views of the. amphitheatre,
and of its perfectly circular form. The cliff maintains its height until, at the

gap, you find yourself on a lofty pinnacle of rock, overlooking the narrow pass,

like a sentinel-tower placed to guard the entrance from all intruders. But on

glancing to your right, or to the eastward, you find you are on a narrow point
of rock, scarcely ten feet in width, with a deep gulf in front and one on either

hand. On tracing the eastern margin of this elevated wall of rock, for it is

little more, and which we will call Sentinel Point, you find it is a long, very
narrow rib of rock, separating Green Lake from another, similar circular de-

pression east of it, in which at present there is no water, but which fills up and

overflows in the spring of the year. Nothing can exceed the steepness of the

slope or rather precipice, and the forest is too dense and dark to see its bottom

or extent. The young and vigorous may explore it
;
but the most impressive

views are from above, and these may all be seen without laborious walking.

Eeturning past your first point of observation, you now go to the western

part of the circular gorge. All around three-fourths of this principal cavity is

the same perpendicular precipice of the upper and harder limestone
;
and even

that of the Water Lime group below, extending to the water, although covered

with trees, has a very precipitous slope. The lake itself is absolutely inacces-

sible without a staircase of two hundred steps at the lowest point of the rocks,

except at its natural gap on the east side, where a gateway would convert it into

a prison or Botany Bay. It was the weight, strength and toughness of the

Onondaga Limestone, that have preserved it, to become the huge cornice of this

roofless temple. Here at the west, just as at the south and north sides, the

horizontal strata forming the chasm are unbroken; but there is only a narrow

neck of rock, of an irregular form, about sixty feet wide, west of which is a

third depression similar to that of Green Lake, also forming a circle, but smaller

in size and easy of access, with the Water Lime group exposed at the bottom.

It has no water in it, but is covered with pasturage and young cedars. On the

west side, the Corniferous limestone rises to a great height, forming the loftiest

part of the tract. The rocks are less abrupt than around Green Lake, in fact

forming slopes and terraces. The Coliseum of Eome could here be recon-

structed, the sloping, rocky walls forming the seats for the audience, and much

of it is quite as high as the walls of the original Coliseum, which were 162 feet.

The interior, where the bottom fell out, represents the arena. The regular

basin-like manner in which the rock has been broken off in a circular form,

and sunk directly downward, is quite apparent; and, as the periphery is per-

fect, it seems impossible that the material could have been carried away by

running water, as it has no gap or outlet, as the parent Green Lake has. It

requires no practical or theoretical knowledge of geology to contrast the worn

and rounded appearance of the extensive bare pavement, both on the south and

north sides of the lake, which was evidently eaten away by the angry waves of

an ancient ocean, with the sharp and quarry-like edges of all the rocks exposed

in all of these great depressions. The high slender headland of Sentinel Point

could not have stood a week exposed to such a sea. The proof is strong that

the depressions were not worn out by water, either of a river or of an ocean,

or by glacial action, but by the sinking of the material, the broken fragments of
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which were engulfed beneath the waters of the lake, and in the dark depths of

the other depressions.

If you now pass around to the north side of the principal chasm or Green

Lake, you will find the walls of rock are considerably higher than on the south

side, the elevation imparting grandeur to the scene. But, as you go eastward

over the limestone pavement, honeycombed into large, open joints, and with its

curious, round, water-worn holes, you will find yourself again, not, as you ex-

pected, on a wide, level plateau extending northward, but on another high, nar-

row wall similar to Sentinel Point
;
but this is a mole, not a promontory, and

extends around this side of the lake nearly to the gap, separating the valley of

Green Lake from two others of these remarkable deep depressions lying imme-

diately north of it. They are very large, deep, dark, crater-like sink-holes, covered

with heavy timber. Days might be spent in exploring the precipices and gorges
in these cool forests. It is less than a quarter of a mile northward to the fine

precipices which overlook the Delaware, Lackawanna and Western or Syracuse
and Binghamton Railway, between Jamesville and Syracuse, affording mag-
nificent views of Butternut Creek Valley. There is here also a very curious

cave, of considerable extent, caused by the front of the cliff sinking, owing to

its foundation giving way, and separating a great mass or pillar of the rock

from the main body, producing a very deep fissure. It is an unfinished ava-

lanche. Broken pieces of the upper part of the rock afterward fell into the

opening, arching it over. There is a similar and larger cave farther west.

The most probable explanation of the general structure of this whole locality

is, that all these depressions are sink-holes, and that their subsidence was caused

by the former existence in the underlying Onondaga Salt group, beneath these

limestones, of large beds of rock-salt the most soluble of rocks which were

destroyed by underground solution, and that these singular depressions, Green

Lake and those that surround it, and probably other important features in Cen-

tral New York, have been caused by the consequent subsidence of the strata.

The ancient sea, which has eaten out the surface of the overlying Onondaga
limestone pavement, as above described, furnished the dissolving power, wear-

ing great cavities in the salt-beds. With such an exposure, their destruction

was inevitable. The solution was irregular, and the sinking corresponds to it

the narrow ribs of rock between the depressions being sustained either by simi-

lar ribs of salt saved from destruction, or, as is more probable, by the broken

materials which fell into the cavities in such a way as to sustain the circumfer-

ence of the pits. Their form indicates some unusual origin, and, accepting the

explanation or theory of their formation, it appeals to the imaginative powers
to fancy when the cataclysm occurred, and what were the sights and sounds

that attended it, which there was no eye to see and no ear to hear. It is true

that no rock-salt has ever been found in Onondaga County, salt being here

extensively manufactured from brine, the source of which is only a matter of

conjecture ;
but no search has ever been made for it under the limestone, where

alone it could be protected. A bed of rock-salt, seventy feet thick, was found

in June, 1878, at Wyoming, New York, thirty-seven miles southwest of Roch-

ester, in a deep boring penetrating through the overlying formations into the

Onondaga salt-group ;
and at Goderich, in Western Canada, beds of rock-salt

from seventy to one hundred and twenty-six feet in thickness have been dis-
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covered in this same formation. Green Lake is situated where the Salina or

Onondaga salt-group is much thicker than it is farther west. This being the

central and deepest part of the ancient inland sea, the evaporation of whose
waters left the deposit of salt, it is but fair to infer that the salt-beds were here

at their maximum thickness. In other parts of the world there are beds of salt

measuring thousands of feet in thickness.

A practical conclusion is that the salt-beds should not be searched for where
there is evidence of subsidence having taken place, but only in districts where
the strata have never been disturbed.

Whatever explanation Science may ultimately give of the formation of Green

Lake, it requires no scientific knowledge to see that it is a very remarkable, in-

teresting, and beautiful place in a state of Nature
;
and that, with but slight im-

provement, it would deserve to rank with the best of American summer-resorts.

The property has been lately purchased by James Macfarlane, Esq., of Towanda,

Pennsylvania, the geologist, and he will soon cause it to be prepared for visitors

in 1879, and such improvements- to be made as the public patronage may war-

rant. To the neighboring city of Syracuse, five hundred feet below it, and all

Central New York, it will supply what may be called a public want, as there

is nothing in the vicinity to be compared with Green Lake.

September 3, 1878.
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